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INTRODUCTION. 


Some  ten  yean  siirae,  through  the  invention  of  an  instrument  for  weighing 
the  power  required  to  drive  madiinery,  I  became  interested  in  the  t>esting  of  tur- 
bine  water  wheels.  Freviouslj  such  tests  had  only  been  possible  for  the  wealthy. 
The  apparatus  used  for  the  purpose,  though  expensive,  was  crude,  clumsy  and 
unreliable,  while  the  fMmulas  for  computiDg  water  used  were  tedious  for  the  ini- 
tiated and  impossible  of  application  by  the  multitude,  consequently  few  of  those 
using  wheels  were  able  to  demonstrate  the  absurdity  of  the  fabalous  claims  made 
by  the  most  of  the  turbine  builders,  and  for  years  confusion  had  reigned,  alike 
injurious  to  the  manufacturer  and  honest  builder.  Years  of  experience  that  will 
be  mentioned  in  the  last  part  of  this  work  made  me  fully  aware  of  the  task  it  would 
be  to  bring  order  out  of  such  confusion;  still  the  attempt  was  made,  and  has  since 
been  continued  without  a  thought  of  abandonment.  Those  who  have  only  wit- 
ne»sed  tlie  test  of  turbines  at  the  Holyoke  flume  have  little  idea  of  the  opersAlon 
as  conducted  by  engineers  of  the  past;  barrels  of  oil  and  a  small  army  of  assist- 
ants were  required,  so  that  the  cost  run  up  into  the  thousands.  The  average  cost 
per  wheel  in  1860  was  $2,500.  The  superintendent  of  the  Nilcs  Iron  Works  of  Cin- 
cinnati, 0.«  came  to  me  at  Lowell,  in  order  to  make  arrangements  for  the  lest  of  a 
Kindleberger  wheel;  he  offisred  $600,  but  under  the  then  existing  conditions  it 
could  not  be  done.  Weeks  and  even  months  were  consumed  in  the  test  of  a  single 
wheel.  The  experience  that  year  convinced  me  that  such  expenditures  of  time 
and  money  were  entirely  unnecessary,  and  plans  were  soon  completed  for  demon- 
strating that  £Mt.  Many  ideas  then  prevalent  had  to  be  considered.  In  the  first 
place,  a  testing  flume  with  suitable  apparatus  Was  an  expensive  afiair,  while  my 
means  were  very  limited;  then  i^ain  it  was  (supposed  by  all,  that  wheels  of  the 
same  make  were  all  of  the  sune  proportional  efficiency,  so  that  each  builder 
would  only  need  to  have  one  wheel  tested,  consequently  the  patronage  would 
be  very  irregular,  while  the  expense  would  be  constant,  as  experienced  help 
would  be  required,  and  such  help  could  only  be  retained  by  constant  employment, 
or  at  least  constant  pay ;  the  latter  difficulty  was  surmounted  by  doing  all  of  the 
most  difficult  and  hardest  work  myself,  simply  employing  a  laborer  for  each  test, 
whUe  my  daitf^itcr  timed  ;  kept  the  records  of  gauges  during  the  trials,  gave  me 
the  power  every  two  minutes,  in  order  to  enable  me  to  change  the  weight  cor- 
rectiy,  then  made  the  computations  and  copied  the  results.  This  continued  for 
a  year  or  more ;  then  Misit  Charla  A.  Adams.  '*  Charla''  succeeded  my  daughter, 
and  such  success  as  I  have  had  in  aiding  the  improvement  of  turbines,  by  ena- 
bling builders  of  small  means  to  ascertain  the  exact  value  of  their  numerous 
plans,  and  establishing  the  testing  system,  is  due  in  a  great  measure  to  her  un- 
wearied patience,  care  and  attention.  She  has  had  the  entire  mathematical  part 
of  the  work  to  do,  not  only  of  the  tests,  but  that  necessary  for  the  preparation 
of  a  large  portion  of  the  tables  published  in  this  work ;  she  hiis  kept  records  of  all 
tests,  and  prepared  numerous  copies  of  the  same  for  public  institutions  and  for 
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torUae  bvildert;  in  ftU/the  has  proved  her  fitness  for  the  porpose,  and  not  only 
her  fitness,  bat  woman's  adaptability  for  such  work.  The  practioe  of  testini^  tur- 
bines has  caused  many  changes  and  exploded  many  theories ;  of  course  this  has 
not  been  done  without  destroying  the  hopes  of  many  builders,  at  the  same  time 
it  has  been  the  means  of  bringing  the  best  wheels  prominently  before  the  public. 
The  tests  have  at  all  times  been  open  to  the  public ;  builders  haye  been  desired 
to  bring  engineers  to  assist,  and  such  have  ever  been  welcome.  It  is  a  difficult 
matter  to  make  purchasers  realize  that  wheels  made  from  the  same  patterns 
vary  exceedingly  in  efficiency,  yet  there  -are  few  manufacturers  ig^ioraut  of  the 
fieu:t  that  a  wheel  of  any  make  doing  well  in  a  mill  gives  no  assurance  that 
another  of  the  same  make  will  give  equal  satisfaction.  Ninety  per  cent.  whee<s 
are  much  sought  for,  but  there  are  plenty  of  80  per  cent,  wheels  that  will  do  fsr 
better  than  many  that  have  given  higher  results.  Ninety  per  cent,  is  only 
obtained  under  the  most  &vorable  conditions,  and  such  can  not  be  continued 
long  in  practical  use. 

Illustrations  published  in  the  first  edition  of  this  work  have  been  found  very 
conyenient  for  reference  in  law  and  other  cases,  consequently  a  greater  variety 
has  been  published  in  this  edition. 

That  I  know  but  little  about  the  exact  lines  necessary  for  the  production  of  a 
good  turbii\e  is  not,  perhaps,  a  legitimate  excuse  for  the  absence  in  this  work  of 
directions  for  turbine  building,  because  the  most  minute  formulas  to  be  found 
upon  the  subject  have  undoubtedly  been  published  by  those  who  knew  still  less 
about  it  than  myself,  but  sitdh  formulas  seem  to  have  hindered  rather  than  to 
have  aided  turbine  improvements,  for  it  is  very  certain  that  the  best  turbine 
builders  have  given  little  heed  to  such  fonnulas,  hence  I  have  not  attempted  to 
do  what  I  could  not  do  well. 

Some  of  my  Annual  Reports  were  electrotyped,  and  various  items  from  those 
have  been  used  in  this  work,  and  where  such  reports  of  tests  have  been  used, 
the  numerous  changes  of  weights  are  given  in  full;  while  in  others  only  the  best 
test  at  whole  gate  is  given;  and  it  may  be  well  here  to  state  that  there  is  a  cer- 
tain speed  at  which  any  turbine  does  its  best,  and  to  find  that  point  it  is  necrs- 
sary  to  try  many  changes  of  weights.  Wheels  made  from  the  same  patterns 
seldom  do  their  best  at  the  same  speed,  and  this  variation  is  the  cause  of  consid- 
erable loss  of  power  through  incorrect  gearing  for  speed. 

It  is  also  necessary  to  state  that  there  is  always  a  leakage  into  the  measur- 
ing pit  during  a  test,  which  is  to  be  deducted  from  the  quantity  flowing  over  the 
weir;  this  leakage  may  not  be  given  in  some  of  the  reports,  but  if  the  depth  on 
the  weir  is  given,  the  difference  between  the  quantity  as  found  per  tables  for  that 
depth,  and  the  cubic  feet  given  in  the  report  of  test  will  give  the  leakage,  that 
is,  if  the  length  of  weir  is  given.  The  omissions  are  owing  to  the  use  of  only  a 
part  of  the  electrotyped  reports. 

Wnj.TwawiBTT,  Ham.,  October  1, 1878. 
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INTRODUCTION 

TO  THE  FOURTH  EDITION. 

The  success  of  my  previous  publications  warrants  a  continuance 
of  my  previous  methods. 

As  a  rule,  technical  works  only  interest  such  as  are  engaged  in 
the  study  of  the  subject  treated ;  my  practice  has  been  to  give  the 
best  possible  information  relative  to  the  subject  treated  upon, 
then  to  mix  in  other  matter  of  varied  interest,  causing  others  to 
look  the  work  through,  thus  making,  perhaps  in  itself,  a  dull  tech- 
nical matter  generally  familiar.  In  this  edition  the  mixture  has 
been  carried  to  a  greater  extent  and  quite  likely  may  be  objec- 
tionable to  some,  but  to  others  that  may  be  the  very  cream  of  the 
whole,  and  I  hope  to  give  each  his  or  her  money's  worth.  And 
here  it  may  be  stated  that  the  price  and  cost  of  this  book  have  little 
relation ;  the  contents  epitomize  a  life's  work  and  study.  It  is 
difficult  to-day  to  decide  what  will  be  popular  a  half  pentury  hence, 
and  it  is  a  matter  of  far  greater  interest  to  me  to  be  popular  then 
than  now.  A  comparison  of  this  edition  of  my  book  with  any  and 
all  works  treating  upon  hydrodynamics  printed  previous  to  1870  I 
think  will  proVe  that  I  have  as  hydrodynamic  engineer  done  more 
in  the  past  quarter  of  a  century  to  establish  a  practical  knowledge 
of  milling  hydrodynamics,  and  in  the  production  of  instruments  to 
render  that  knowledge  evident,  than  has  been  done  by  all  other 
engineers  for  a  century  past. 

Still  further  evidence  may  be  found  in  a  comparison  of  the 
plans  proposed  in  the  book  and  the  costly  and  obsolete  methods 
continued  at  Lowell,  Lawrence,  Holyoke,  Cohoes,  Minneapolis, 
and  all  ot(ier  water  powers  under  the  charge  of  engineers  grad- 
uated from  our  colleges  and  technical  institutions,  where  text 
books  a  century  behind  our  time  continue  to  be  used.  But  the  real 
difficulty  consists  in  the  fact  that  the  instructors  and  instructed  too 
often  are  entirely  unfitted  by  nature  for  engineers  ;  expedients  for 
emergencies  and  good  judgment  are  absolute  requirements  for  an 
engineer;  matliematics  as  tools  are  excellent,  but  a  poor  substitute 
for  brains.  •  Mechanical  ability  of  the  highest  standard  will  enable 
man  or  woman  to  reach  a  high  plane  as  an  engineer,  but  without 
such  ability  one  had  better  turn  to  some  other  calling  where  less 
skill  is  required. 

"The  Eminent  Hydraulic  Engineer,"  page  41,  is  intended  as 
the  description  of  a  class  much  too  numerous,  and  has  no  reference 

to  any  individual. 

James  Emerson. 
July  10, 1892. 
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TBSTIMONIAIiS. 


Office  of  ths 

PBOFBIXTOB  of  TBS  LOCKB  AND  CaNAI^  OH  THS  MUUUMAO  BiTXB, 

LowKLL,  Mass.,  Febmuy  5, 1879. 

Jaxxs  Ekkbbom,  WlUhnanitett,  Mms. 

Dear  Sir :  Your  work  on  water  wheels  and  machinerj  was  left  here  jester^ 
day  by  Mr.  Swain. 

My  Csther  (James  B.  Francis)  is  at  present  in  Europe,  and  probably  will  not 
return  before  next  August.  I  take  the  liberty  to  thank  you  for  him,  and  to 
assure  you  that  your  book  contains  a  Aind  of  information  of  the  kind  we  want. 
How  to  utilize  water  power  to  the  best  advantage  is  one  of  the  great  problems  of 
the  day,  and  I  am  sure  you  have  contributed  much  information  on  the  subject. 

Very  truly  yours, 

JAMES  FRANCIS,  A99H  Engineer. 


NoBTH  CmELXBFOBD,  Ma88.,  February  7,  1879. 

Jamsb  Emxbbon,  Willimansett,  Mass. 

Dear  Sir :  I  have  examined  your  book, "  Treatise  on  Tesu  of  Water  Wheeli 
and  Machinery,**  and  find  in  it  a  very  large  amount  of  raluable  information,  in  a 
simple  form,  not  obtainable  in  any  ouier  work.  I  have  copies,  in  full,  of  all  your 
tests,  dating  back  nearly  ten  years,  prepared  at  (to  me)  great  expense,  and  ot 
course  I  have  faith  in  their  reliability.  (At  all  events,  twenty  times  their  cost 
would  not  buy  them,  were  no  other  copy  available.)  The  publication  of  vour 
experience,  in  so  convenient  a  form,  must  prove  to  be  of  very  great  benefit  to 
manufactnrers,turbine  builders,  and  such  of  the  legal  fraternity  as  nave  hydraulic 
eases  to  manage.  Every  millwright  ought  certainly  to  possess  a  copy.  The 
tables  of"  Velocities  due  Head,*'  alone,  will  save  him  in  time  every  year  several 
times  the  cost  of  the  book. 

Very  truly  yours, 

A.  M.  SWAIN. 


BoiTD  Bboa.  &  BoTTUM  Law  Offick, 
NoBTHAJCPTON,  February  7, 1879. 
Jakbs  Exxbson,  Holyoke,  Mass. 

Dear  Sir :  I  have  examined  your  work  on  "  The  Testing  of  Water  Wheels 
and  Machinery,"  toUh  matters  pertaining  to  Hydraulics  (2d  Ed.  1878),  and  find 
that  it  contains  in  a  very  convenient  form  a  large  amount  of  information  which 
every  lawyer  must  obtain  from  some  source  before  he  can  safely  advise  a  cli- 
ent or  properly  try  a  case  concerning  water  poorer  or  the  power  of  water  irheels. 
Accept  my  thanks  for  your  treatise ;  it  will  be  of  great  use  to  me  in  my  profes- 
sional work.  Yours  truly, 

D.  W.  BOND,  JHstrict  Attorney. 
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Law  Ofvios, 

Nxir  Hartford,  Conr.,  Febnuxy  S»  1679. 
Jajcxs  Ejcsrsor: 

Dear  Sir :  I  hare  examined  jour  book,"  Treatise  on  Teats  of  Water  Wheels, 
Ac./*  and  find  it  to  be  reidlj  mulium  in  parvo.  It  contains  in  simple  form  much 
information  needed  br  members  of  the  legal  profession  who  are'  engaged  in 
suits  inyolTing  hydm  ilics,  power,  flow  of  water,  and  kindred  subjects. 

I  am  rerj  tmlj  yours, 

JABED  B.  FOSTER. 


Law  Omcx  or  J.  P.  Buokulrd,  Coursxlor  in  Patsvt  Causxb, 
Sprinofirld,  Mass.,  February  8, 1879. 
Jamrb  EicxRsoN : 

Dear  Sir :  I  assure  you  that  my  examination  of  your  new  work,  entitled 
'*  Tests  of  Water  Wheels  and  Machinery,**  has  giyen  me  a  great  deal  of  pleasure. 
Many  a  time  hare  I  searched  for  hours  to  find  some  of  the  many  data  with  which 
the  book  is  crowded. 

In  the  preparation  and  trial  of  cases  inyolring  questions  of  water  power,  mill- 
rights,  leases  of  power  and  the  performance  of  machines  built  under  contract, 
and  kindred  matters  which  are  constantly  coming  before  courts  and  arbitrators 
for  settlement,  your  work  will  be  a  valuable  aid  to  lawyers  and  parties.  I  know 
of  no  single  book  which  has  within  its  covers  so  many  practical  data  for  use  in 
the  above  line  of  cases,  and  I  am  bound  to  say  that  I  think  the  le^al  profession 
Is  under  much  obligation  to  you  for  the  preparation  of  it. 

Yours  truly,  

J.  P.  BUCKLAND. 


Sbnatr  Chambrr,  Wabhiroton,  D.  C,  February  9, 1879. 
Jajbs  Exrrson: 


My  Dear  Sir:  Permit  me  to  thank  you  for  a  copy  of  your  book,  "Tests 
of  Water  Wheels  and  Machinery."  I  have  read  it  with  as  much  care  as  I 
could  find  time  from  my  ofllciid  duties  here  to  do,  and  have  no  hesitancy 
in  saying  that  it  must  prove  a  very  valuable  work,  as  well  to  lawyers  con- 
ducting fitigations,  as  to  mill  owners  seeking  to  avoid  them. 

Thanking  you  again,  I  am,  truly  yours  

H.  L.  DAWES. 


Officb  or 

AxRBxcAN  Print  Works,  Fall  Bivxr,  Mass.,  March  3, 18T9. 

Jaxbs  Exxrbom  : 

Drar  Sir  :  Please  accept  my  thanks  for  the  copy  of  your  book  "  Tesu  of 
Water  Wheels  and  Machinery,  received  a  day  or  two  since.  It  contains  much 
valuable  information  relating  to  water  power,  is  arranged  in  a  very  concise  form 
and  will  prove  a  very  convenient  source  of  reference." 

Very  truly  yours, 

Thos.  J.  BoRDBN,  Treaa.  Watuppa  Reservoir  Co- 


BooTT  Cotton  Mills,  Lowell,  Mass.,  March  11, 18T9. 
Jaxxs  ExsRSOii: 

DxAR  Sir  :  Permit  me  to  thank  you  for  a  copy  of  your  **  Tests  of  Water 
Wheels  and  Machinery.*'  I  have  examined  the  same  with  great  care  and  must 
say  that  you  have  given  a  fond  of  information  to  Manufacturers,  Turbine  Build- 
ers, Owners  of  Water  Power,  and  the  Legal  Profession  who  have  suits  involving 
Hydraulics,  in  a  most  simple  and  concise  form.  There  is  no  subject  to-day  con- 
nected with  manufacturing  that  there  is  so  much  ignorance  about  as  the  econom- 
ical use  of  water  power,  best  wheels,  and  appurtenances  to  utilize  it.  Your 
book  cannot  fail  to  jiave  a  large  sale,  as  you  have  contributed  so  much  informa* 
tion  on  the  sut^ecfe.  x  ours  truJy»  A.  G.  Cuxnook,  ApetU, 
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^,      ,  _  New  Havkn,  Conn.,  April  29, 1879. 

Mb.  Jambb  Bmebson  : 

Dbar  8ir,— Alloir  me  to  take  this  opportunity  to  thank  you  for  the  copy  of 
yoiir  Treatise  relative  to  the  Testing  of  Water  Wheels  and  Machinery,  which 
you  (fid  me  the  f»vor  to  send  me  some  time  since.  I  have  louud  it  to  be  a  mine 
of  valuable  information,  and  have  (vflen  had  occasion  to  consult  it.  It  certainly 
effectiveljjr  supplies  a  great  desideratum.  Ti.e  manufacturing  interests  of  this 
country  owe  you  a  debt  of  {gratitude,  to  speak  of  nothing  more,  for  the  valuable 
H'ork  yon  have  done  in  testing  water  wheels  aud  machinery. 

Yours  truly, 

W.  A.  NORTON, 

Prof,  of  Civil  Engineering  in  Sheffield  Scientific  School. 

Lbbavon,  N.  II.,  March  7, 1879. 

James  Embrson  :  I  will  do  all  I  can  to  recommend  your  book.    I  think  it 
the  best  book  I  have  seen  for  a  millwright. 

Yours  truly,  William  Duncan,  Engineer  and  MillvDright. 


United  States  Senate  Chamber,  Washington,  Feb.  1, 1879. 
James  Emebson  : 

Dear  Sir  :  Yours  of  the  30th  ult.  has  just  been  received,  with  your  book, 
for  which  I  heartily  thank  you.  Of  course,  I  have  not  vet  had  time  to  examine 
it,  but  will  do  so  aud  write  you  about  it.  I  think  from  a  bast}'  glance  I  cast  over 
it,  that  its  contents  will  be  of  value,  and  I  shall  preserve  it  as  a  memento  of  cTne 
of  the  intelligent  patentees  of  the  country,  who  have  done  so  much  for  its 
interests.  Yours  truly, 

Bainbridgb  Wadleioh. 

My  correspondence  with  Mr.  Wadleigh  had  reference  to  a  change  in  the  Patent 
Xjaw  advocated  by  him,  a  change  wliicn  to  me  seems  uigust  to  the  inventor  and 
unlikely  to  benefit  the  public.  The  defects  of  the  present  law  are  mainly  due  to 
its  loose  administration.  To  make  a  great  show  of  income,  patents  are  daily 
granted  for  frivolous  devices  unworthy  of  such  distinction;  worse  still,  patents 
arc  constantly  being  granted  to  several  different  applicants  for  substantially  the 
same  device,  a  practice  alike  injurious  to  the  real  inventor  and  the  public.  A 
single  amendment  of  the  present  law,  with  a  return  to  the  conservative  practice  of 
gi-anting  patents  followed  thirty  years  since,  would  do  away  with  the  real  objections 
to  such  grants.  A  large  proportion  of  the  patents  that  are  granted  are  not  only 
worthless  but  they  stand  in  tlie  way  of  real  improvement.  Amend  the  present 
law  so  that  provisional  protection  shall  be  granted  for  three  years  upon  applica- 
tion as  at  present,  for  real  inventions,  anytime  previous  to  the  expiration  of 
that  period,  upon  the  payment  of  one  hundred  dollars;  issue  a  patent  for  twenty 
years  from  the  date  of  application ;  under  no  circumstances  allow  an  extension 
of  such  grant.  The  provisional  term  for  the  sum  of  twenty  dollars  will  enable 
the  applicant  to  judge  of  the  validity,  value  and  advisability  of  its  continuance. 
If  it  is  deemed  advisable  to  protect  the  plaiis  of  geniuses  who  saw  a  barrel  in 
halves,  thus  making  two  tubs  of  it ;  or  point  one  end  of  a  friction  match  stick,  so 
that  it  may  be  used  to  light  a  pipe  or  pick  the  teeth,  do  so ;  but  dp  it  for  a  shorter 
period  and  under  some  designation  equivalent  to  that  of  "  Trade  Mark."  It  dis- 
courages the  real  inventor  and  debases  the  term,  Patent,  to  put  such  devices 
upon  the  same  plane  as  those  that  have  required  years  of  study  to  perfect. 


Thayer  School  op  Civil  Engineering. 
Dartmouth  College, 
Hanover,  N.  II.,  August  22,  1879. 
Janes  Emerson. 

Dear  Sir:  Permit  me  to  sav  that  your  book  on  Tests  of  Water  Wheels  and 
Machinery  has  greatly  intercstecl  me.  To  students  of  hydraulics  it  has  a  special 
value  in  affording  so  many    ractical  results  of  American  construction  and  opera- 
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Holyoke  Testing  Flnme. 

My  connection  with  the  abore  closed  in  1880,  yet  parties  often  write  to 
me  for  information  about  tests  made  there  which  cannot  be  furnished  be- 
cause the  tests  now  made  there  are  private,  a  practice  which,  according  to 
my  experience,  makes  the  tests  of  little  value.  While  the  flume  was  in 
my  charge  it  was  a  common  matter  for  testers  to  request  and  at  times  in- 
sist that  certain  results  should  be  suppressed. 

One  man  asked  me  to  give  him  such  reports  as  I  gave  another  whose  name 
he  mentioned  and  draw  upon  him  at  sight  for  one  thousand  dollars.  Another 
said  he  would  give  me  four  thousand  dollars  in  greenbacks  if  Twould  com- 
ply with  a  similar  request.  Two  well  known  builders  first  tried  to  buy  me 
and  then  threatened  vengeance  if  correct  reports  were  given.  William  M. 
Mills  took  the  whole  gate  tests  of  one  wheel  and  the  part  gates  of  another 
and  published  them  as  the  test  of  one  wheel. 

Stilwell  &  Bierce  used  certificates  obtained  from  Clemens  Herschel  of  88 

per  cent,  tests  from  wheels  that  I  had  twice  tested  and  been  unable  to  get  80 

per  cent.    These  wheels,  two  of  them  at  least,  were  made  from  the  same 

patterns  as  the  92  per  cent,  wheel  (see  page  342)  used  to  make  the  belt,  gear, 

and  draft  tube  experiments  which  gave  such  remarkable  results  that  it  was 

tested  and  retested  by  delegations  from  Yale,  Boston  School  of  Technolc^^y, 

and  other  places.    It  was  taken  from  the  flume,  reset  and  retested,  but 

invariably  repeated  results  within  one-fourth  of  one  per  cent.    The  Holyoke 

Machine  Company  bought  up  150  copies  of  my  book,  all  that  remained  of 

the  second  edition,  and  used  them  for  fuel  because  the  low  as  well  as  high 

results  of  their  tests  were  published.  In  short,  to  be  of  general  use,  all  tests 
should  be  public.  There  are  monomaniacs  rated  as  engmeers  that  pretend 
that  the  so-called  Boyden  wheel  is  of  a  superior  character,  while  in  fact  it 
was  never  in  any  particular  equal  to  the  Tyler  scroll  wheel. 

Frank  Sicman,  now  in  charge  of  the  Holyoke  flume,  I  believeto  be  capa- 
ble and  honest,  but  he  has  too  many  gauge  hands 

(See  difference  of  results,  pages  36  and  37,  tests  of  the  same  wheel 
with  same  ^uge  hands.) 

It  is  not  likely  that  any  one  will  again  have  the  chance  I  did  to  make 
such  tests,  and  economy  compelled  me  to  do  most  of  the  work  myself,  so 
that  it  was  brought  to  the  most  perfect  exactitude  and  simplicity.  The 
three  tests  reportM  on  pages  352, 353, 354,  were  taken  offhand,  without  a 
thought  of  extra  care,  yet  I  do  not  believe  it  would  be  possible  to  make  such 
tests  again. 

Much  has  been  learned  in  testing  since  the  system  commenced  with  the 
Swain  wheel  in  1869.  That  wheel  reached  about  80  per  cent.  Had  it  been 
properly  set  and  tested  it  should  easily  have  exceeded  85  per  cent.  Wheel 
builders  often  request  me  to  reply  to  articles  slurring  the  test,  which  may 
be  done  when  an  erroneous  report  can  be  named.  In  1879  four  parties  ob- 
jected to  my  having  charge  of  the  free  public  tests,  promising  to  have 
wheels  tested  if  some  other  engineer  was  employed,  but  failed  to'send  wheels. 
One  of  the  four,  I  have  since  ascertained,  furnished  the  article  for  publica- 
tion (page.  204),  "  A  man  of  courage."  Another,  my  friend  I.  X.  L.  Hum- 
phrey, an  amusing  writer  of  fiction  relative  to  turbine  of  his  own  make 
and  hydrodynamics  in  general,  being  interested  as  defendant  in  an  expen- 
sive hydraulic  suit,  accidentally  met  the  plaintiff  waiting  at  the  depot  for  a 
train  to  Willimansett.  Excusing  himself  for  a  moment,  he  put  his  I.  X.  L. 
into  practical  operation  and  ma(fe  better  time  on  foot  across  the  bridge 
than  1  had  ever  been  able  to  get  from  his  wheel,  and  retained  me  for  ms 
side  just  as  the  plaintiff  arrived  at  the  door. 

James  Emebson. 

July  16, 1892. 
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BROWN'S  FACING  HILL,  POWER,  ETC. 

Willimansetty  Mass. 

In  this  case  the  ordinary  question  cannot  be  raised  as  to  whether 
steam  or  water  power  is  cheapest,  because  the  great  expense  neces- 
sary for  land,  dam,  turbine,  etc.,  etc.,  has  already  been  incurred, 
consequently  the  loss  of  the  water  power  would  necessitate  the  ex- 
pense almost  of  a  double  plant  without  any  corresponding  gain,  for 
the  present  plant  is  located  close  to  the  depot,  upon  the  road  to 
Springfield,  in  proximity  to  Holyoke,  and  probably  in  as  convenient 
and  desirable  a  place  as  could  be  found  in  the  New  England  States. 

The  whole  plant  must  now  stand  to  the  owner  at  a  cost  of  some 
seven  or  eight  thousand  dollars  and  completely  fitted  for  business, 
to  be  operated  by  water  power. 

This  power  consists  of  an  almost  unchanging  supply  of  water 
falling  sixteen  feet.  Very  few  water  powers  can  be  found  so  regu- 
lar in  quantity  as  this.  About  three  hundred  cubic  feet  per  minute 
can  be  depended  upon  the  year  round,  though  in  extreme  droughts 
it  may  be  a  little  less,  and  during  the  spring  something  more. 
Three  hundred  cubic  feet  of  water  per  minute  falling  sixteen  feet 
evolves  nine  horse  power ;  ponding  the  twenty-four  hours'  supply 
and  using  it  in  eight  hours  furnishes  twenty-seven  horse  power,  of 
which  eighteen  may  be  utilized  or,  say,  fifteen  horse  power,  ten  hours 
per  day,  and  this  without  waiting  to  get  up  steam  as  would  be  the 
case  for  every  little  job  with  a  steam  plant. 

Mr.  Brown's  work  is  not  such  as  to  require  constant  power,  hence 

the  advantage  of  the  power  that  may  be  called  upon  to  operate  the 

machinery  for  ten  minutes,  or  an  hour,  as  the  case  may  be,  then 

stopped  and  remain  idle  without  expense  or  care  until  again  needed, 

which  could  not  be  the  case  with  steam  power.   Besides,  with  steam 

power  to  be  safe  for  mill  and  neighborhood,  a  qualified  engineer 

would  be  necessary  to  take  charge  of  engine  and  boiler.    I  do  not 

mean  to  be  understood  that  engineers  are  always  employed  in  such 

cases,  but  I  do  mean  decidedly  that,  to  obtain  the  same  safety  and 

convenience  now  enjoyed  by  Mr.  Brown,  one  thousand  dollars  per 

year  will  not  make  an  equivalent  for  the  value  of  his  water  power, 

which  is  now  in  good  condition  throughout,  to  the  best  of  my 

belief. 

JAMES  EMEBSON. 

WiLUMANSBTT,  Mass.,  Fcb.  21, 1892. 
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The  Law  Antagronistic  to  Knowledgre  and  Justice. 

A  thorough  study  for  a  score  of  years  of  hydrodynamics  makes  it  evi- 
dent at  least  to  myself  that,  except  through  imperfect  deeds,  no  cause  for 
disputes  in  milling  matters  can  arise  that  may  not  be  made  so  clear  as  to 
leave  no  just  cause  for  litigation.  Every  effect  has  a  cause,  and  such  cause 
may  readily  be  ascertained  by  an  intelligent  engineer. 

Such  cases  usually  have  an  individuality  and  each  must  be  considered  in 
itself. 

The  ordinary  surveyor's  level  between  mills  is  seldom  of  much  account 
in  backwater  cases  so  far  as  determining  the  cause  of  complaint.  A  num- 
ber of  such  cases  will  be  reported  in  this  edition  of  my  work,  from  which 
information  of  my  method  of  ascertaining  facts  may  be  obtained.  A  wide 
experience  of  the  practice  of  law  in  many  states  in  hydraulic  cases  con- 
vinces me  that  while  Massachusetts  from  its  early  manufacturing  should  be 
one  of  the  most  intelligent  in  such  matters  it  is  in  fact  like  its  Andover  the- 
ology and  gallows  witness  stand  more  iron-clad  and  backward  in  its  rules 
than  any  other.  The  assessors'  valuation  of  a  plaintiff's  property,  the 
verdict  of  a  parallel  case  in  the  same  county,  mention  of  the  obsolete  char- 
acter of  the  property  in  question,  nor  in  fact  anything  that  would  show  the 
litter  worthlessness  of  the  whole  claim  was  presented  in  a  recent  case  for 
damage.  This  may  have  been  owing  to  the  incompetency  of  the  attorney, 
but  certainly  the  most  essential  evidence  necessary  to  enable  the  jury  to 
decide  intelligentlj^  and  justly  was  left  out;  both  attorneys  seemed  desti- 
tute of  knowledge  in  such  matters  and  equally  desirous  of  preventing  the 
jury  from  obtaining  knowledge. 

The  Willimantic  Borough  case  offered  another  lesson  for  litigants.  It 
would  hardly  be  possible  to  find  a  case  more  decisive  in  character  ;  one  any 
intelligent  manufacturer  would  easily  understand. 

The  case  is  one  for  mutual  concession  by  which  both  could  be  benefited. 

There  is  a  trifle  less  than  three  feet  in  the  level  between  the  level  of  the 
crests  of  the  Borough  and  Johnson's  dams.  Johnson  claims  to  be  desirous 
of  digging  a  new  tail-race  12  feet  wide  and  400  feet  in  length  extending  from 
his  wheel  down  to  Borough  line  where  the  water  backs  up  2 1-2  feet  in  depth. 

Mr.  Johnson  desires  to  send  down  through  the  said  tail-race  150  cubic  feet 
of  water  per  second,  which  moving  three  feet  per  second  would  require  a 
depth  of  four  feet,  or  a  foot  and  a  half  more  than  the  depth  of  water  at  the 
dividing  line  of  the  two  properties,  consequently  the  set-back  of  water 
could  cause  no  real  loss  of  power  to  Johnson.  Like  all  such  conditions  the 
discharge  from  the  race  meeting  the  standing  water  of  the  pond  would 
soon  form  a  bar  that  would  constantly  increase  in  height  and  reduce  the 
head  on  Johnson's  wheels.  By  mutual  concession  such  bar  could  yearly  be 
removed.  During  the  average  flow  of  water  the  supply  gorges  the  chan- 
nel below  Johnson's  land  so  that  there  is  no  backwater  at  the  line  at  all, 
and  the  channel  is  constantly  tilling  up  so  that  the  rock  B  represented  in 
the  illustration  of  181)0  is  now  submerged  and  invisible. 

Instead  of  defending  the  case  upon  its  merits,  the  defense  was  that  the 
river  was  variable  in  supply  and  of  little  value.  There  is  little  encourage- 
ment for  knowledge  if  the  law  is  to  render  such  knowledge  worthless. 

What  is  the  difference  in  principle,  for  lawyers  to  band  together  in  Con- 
gress and  Legislature  and  use  their  influence  to  perpetuate  laws  and  rules 
of  a  barbarous  age  for  personal  benefit,  and  the  uniting  in  mobs  to  destroy 
power  looms  and  other  improved  machinery  as  was  done  by  the  laboring 
classes  ? 

On  another  page  I  have  stated  that  I  seldom  leave  the  witness  stand  with- 
out feeling  outraged,  but  since  attorneys  of  reputation  confine  their  cross 
examination  of  my  testi>-iony  to  reading  extracts  from  my  legal  criticisms 
it  rather  looks  as  though  they  consider  their  case  weak  and  "  get  off  their 
head,"  and  so  almost  unconsciously  give  out  information  where  it  should 
do  the  most  good. 
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ATWATEB  HANUFACTUBINe  COMPAKT, 

The  annexed  illustrations  show  the  dam  substantially  as  it  apiieared  in 
ISW.  The  coning  stone  of  the  dam  had  in  several  places  been  crushed  and 
carried  away  by  ice,  leaving  the  iron  dowels  projecting  above  as  shown.  The 
coping  stones  N  and  O  remained,  as  was  the  case  with  some  at  the  other  end 
of  the  dam.  The  necessity  for  repairs  of  the  dam  at  that  time  was  so  appar- 
ent that  it  was  made  a  matter  of  my  report  and  record.  The  crest  of  oam 
has  since  been  evened  up  by  timbefana  cement  on  a  level  with  the  top  of  the 
original  coping,  as  shown  by  the  stone  N.  Soon  after  a  suit  was  commencetl 
by  the  mill  owners  above,  I  examined  the  dam  and  saw  that  no  improper 
raising  had  been  made,  nor  was  there  any  indication  that  the  set-back  of 
water  from  the  dam  interfered  wi  th  the  mills  above.  I  went  to  the  plaintiffs 
and  proposed  to  test  the  iK)wer  of  their  mills  under  existing  conditions,  then 
draw  down  the  pond  several  feet  and  again  test  their  ]K)wer. 

The  land  above  and  below  is  swampy ;  on  such  foundation  a  stone  dam  is 
sure  to  settle,  as  well  as  to  be  worn  away  on  top  by  the  overflow.  The  mill 
upon  the  east  side  has  three  turbines,  the  Manufacturing  Co.,  one.  Fof  years 
tne  four  wheels  had  kept  the  water  constantly  drawn  down,  leaving  the  banks 
of  streams  and  the  marshes  uncovered,  so  as'to  cause  sanitan*  complaint.  At 
about  the  time  the  dam  was  repaired,  the  three  wheels  in  tne  olu  mill  were 
closed  for  good,  since  when  the  pond  has  remained  full,  perhaps  causing  the 
bel  ief  that  the  dam  had  been  raised.  Had  that  been  the  case  there  would  be  a 
lielt  of  dead  trees  up  the  banks  of  the  pond  and  river,  for  those  banks  were 
lined  with  trees,  but  no  dead  ones  were  to  be  found. 

The  Manufacturing  Co.  purchased  the  place  under  the  assurance  that  the 
fall  was  ei^ht  feet.  The  dam  has  been  the  **  overflow  "  of  the  pond  and  much 
debris  had  settled  below  the  dam  in  the  tail  race  at  F.  The  small  island 
marked  D,  and  loose  stone  and  gravel,  have  been  removed  and  the  head  is 
now  but  seven  and  a  half  feet.  The  pond  is  quite  extensive  and  extends 
considerable  of  the  distance  towards  the  mills  above,  and  of  course  substan- 
tially is  level  from  end  to  end,  while  the  current  from  the  pond  to  the  mills 
above  is  quite  rapid ;  at  the  line  marked  A,  it  is  one  foot  per  second  when 
the  wheels  above  are  in  operation.  A  surface  mark  was  made  at  L  just 
before  noon :  as  the  wheel  gates  closed  in  the  mills  above,  the  wat^r  settled 
two  inches  auring  the  noon  hour,  though  it  must  have  risen  on  the  Atwater 
dam,  for  the  wheel  gate  was  closed  there.  In  the  tail  race  at  V,  the  dnrfaoe 
fell  six  or  more  inches.  Several  hundred  feet  down  stream  f  torn  the  plaintiff's 
mill,  a  stake  is  driven,  the  top  of  which  is  five  and  one-eighth  incoes  above 
the  crest  of  Atwater  dam ;  with  the  wheels  above  in  full  oiieration  the  depth 
of  water  on  stake  was  one  and  three-eighths  inches.  From  the  stake  up, 
the  current  was  very  rapid,  so  as  to  make  it  hard  to  row  a  boat.  ITnder  the 
bridge  on  Main  street,  a  sewer  and  the  road  wash  has  partially  formed  a  bar, 
through  the  middle  of  which  the  current  has  cut  its  way,  cartying  the  debris 
down  near  the  line  marked  X,  where  it  meets  the  set-back  of  water  from 
the  Atwater  dam,  and  there  has  formed  an  extensive  bar  across  the  stream 
that  raises  the  water  above  and  in  the  vicinity,  and  this  bar,  the  whole  causae 
of  the  misunderstanding,  had  not  been  found  by  the  several  different  civil 
engineers  employed  in  the  case,  though  the  action  of  the  water  easily  made 
such  obstruction  apparent. 

This  bar  has  doubtless  rapidly  increased  since  the  stopping  of  the  three 
wheels  in  the  old  Atwater  mill,  for  previous  to  that  the  wafer  was  so  ccm- 
stantly  drawn  down  that  the  meeting  of  the  waters  would  have  been  in  pond. 

To  understand  the  conditions  fully,  consideration  must  be  had  of  the  fact 
that  the  plaintiff  ponds  the  twenty-four  hours'  supply  of  the  stream,  and 
then  sends  the  whole  down  in  ten  hours  or  less ;  consequently  as  the  Atwater 
wheel  can  use  but  a  portion  of  that  quantity,  much  or  it  must  go  over  the 
dam,  causing  the  surface  there  to  be  higher  than  if  only  the  natural  flow  of 
the  stream  came  down. 

Now  one  hundred  dollars  properly  expended  as  I  proposed,  by  testing;  the 
power,  would  have  made  the  matter  so  plain  that  there  could  have  remained 
no  possible  cause  for  dispute,  instead  of  which  the  law  was  invoked,  to  the 
great  benefit  of  the  lawyers  at  least. 

In  court  the  case  must  be  fitted  to  the  law,  not  the  law  to  the  case.  Each 
witness  is  sworn  to  tell  the  truth,  the  whole  truth,  and  nothing  but  the  truth, 
and  then  every  effort  is  made  to  suppress  all  undesirable  truth  by  one  side, 
the  other  side  trying  to  confuse  and  make  the  witness  lie  if  possible. 
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WiLLIMANSBTT,  MA88.,  July  14,  1890. 

To  the  Board  of  Water  Commissioners  of  WillimarUic,  Conn. 

Gentlemen  : — Having  made  several  examinations  of  your 
arrangements  for  supplying  the  borough  with  water,  I  report  as 
follows :  My  first  examination  was  made  when  the  estimated  flow 
of  water  over  Mr.  Johnson's  dam  was  eighteen  inches  in  depth,  the 
next  when  it  was  ten,  and  one  last  week  when  there  was  but  a  slight 
flow  over  it.  At  the  same  time  the  water  was  drawn  down  several 
feet  at  the  pumping  station  dam,  leaving  only  the  flow  of  the 
natural  stream  at  Johnson's  line.  From  surface  of  water  there  to 
the  level  of  your  dam  it  was  two  feet  five  and  a  half  inches.  The 
lower  line  in  the  sketch  annexed  represents  the  approximate  sur- 
face there  at  that  time,  and  I  believe  the  higher  lines  would  do  the 
same  under  the  conditions  named,  could  your  pond  be  drawn  down 
at  such  times.  Two  feet  average  for  the  year  round  of  backwater 
would  certainly  be  more  than  Mr.  Johnson  would  suffer  from  your 
dam. 

The  sketch  of  dam  also  annexed  doeg.not  represent  your  dam  as 
it  is,  but  as  I  would  earnestly  advise  it  be  made  and  the  dam  backed 
with  gravel  before  the  season  closes.  The  cracks  in  the  walls  of 
the  station,  embankments,  and  dam  show  that  a  rapid  process  of 
disintegration  is  going  on.  The  mortar — it  has  no  claim  to  be 
called  cement— is  poor.  With  such  an  abundance  of  water  it  is 
hard  to  conceive  why  more  than  fifteen  feet  head  was  ever  desired. 
The  present  dam,  made  with  an  overflow,  and  waste-gates  that  can 
be  used  in  time  of  need  as  I  have  shown,  well  backed  with  gravel, 
should  stand. 

The  wheels  selected  show  the  engineer  to  be  ignorant  of  the 
improvements  made  in  turbines,  and  the  general  mechanical  con- 
struction displays  a  lamentable  lack  of  mechanical  ability ;  while 
placing  the  waste-gates  where  it  is  impossible  to  use  them  when 
most  needed,  shows  a  lack  of  ability  and  judgment  that  seems 
incredible. 

James  B.  Francis  of  Lowell,  Mass.,  has  had  constant  care  of  dams 
for  nearly  sixty  years.  I  would  seriously  advise  you  to  employ 
him  to  make  an  examination  of  your  dam ;  have  the  water  drawn 
down  at  the  time.  Stone  dams  have  a  fatal  tendency  to  tumble 
down,  and  there  seems  a  possibility  of  yours  doing  so.  Owing  to 
the  poor  mortar  there  is  little  strength  in  the  dam  except  in  its 
weight. 

Very  respectfully  yours, 

JAMES  EMERSON. 

The  above  reported  works  were  planned  by  Mr.  J.  T.  Fanning,  and  con- 
structed under  his  supervision.  The  pumps  work  at  half  speed  designed  but 
broke  the  iron  frames  connecting  the  pumps  to  the  wheels  at  that  speed 
soon  after  starting.  The  waste-gates  are  placed  about  fifty  feet  from  the 
abutments  of  the  dam,  so  that  it  is  impossible  to  get  at  them  unless  the  water 
is  below  crest  of  dam. 


22 

SUIT  FOR  DAMAGES. 

PALMER  (Mafls.)  WATER  WORKS  vs.  STONE,  Plairdiff. 

Visited  the  reservoir  and  streams,  also  pond,  and  works  of  Mr. 
Stone,  in  June.  Stream  below  water  works  dry,  as  was  the  pond 
of  plaintiff.    His  shop  was  closed. 

At  the  reservoir  there  were  plain  indications  that  the  supply  was 
but  little  more  than  equal  for  water  company's  use. 

Early  in  November  made  another  examination  with  similar 
results,  except  that  the  plaintiff's  pond  was  full,  yet  his  shop 
remained  idle. 

November  14,  made  a  more  thorough  examination  of  the  streams, 
reservoirs,  and  stream  supplying  reservoirs ;  made  a  crude  measure- 
ment of  the  supplying  stream,  also  of  capacity  of  plaintiff's  pond. 

There  was  more  water  the  14th  than  at  the  previous  examinations, 
yet  evidently  but  little  surplus,  as  the  lower  reservoir  was  not  quite 
full.  There  had  been  quite  a  heavy  rain,  for  a  day,  between  my 
second  and  last  visit. 

The  crude  measurement  of  the  supplying  stream  showed  about 
one-half  of  a  cubic  foot  per  second,  which,  for  safety  and  convenience 
of  computation,  I  call  four  gallons  per  second  as  the  total  supply 
to  the  reservoirs,  though  were  may  be  small  springs  in  or  near 
the  edges  of  the  reservoirs,  yet  as  there  are  but  about  two  hundred 
families  supplied,  aside  from  depots,  hotels,  and  wire  mills,  the 
supplying  stream  will  seem  sufficient. 

Four  ^Ulons  per  second  will  supply  5,760  persons  each  with  sixty 
gallons  of  water  per  day  of  twenty-four  hours. 

The  plaintiff's  pond  is  irregular  in  shape  and  depth,  estimated 
surface  ninety  by  one  hundred  feet,  of  which  two  and  one-half  feet 
in  depth  may  be  used,  or  say  22,500  cubic  feet.  This  is  gauged  to  the 
conduit  to  wheel  through  a  ten-inch  pipe  the  top  of  which  is  three 
feet  below  the  surface  of  the  water  when  the  pond  is  full. 

Overshot  wheel  coarsely  made,  set  and  supplied  with  water.  Area 
of  gauge,  78.5  square  inches,  sixty  per  cent,  of  which  is  47  square 
inches. 

Spurting  velocity  of  water  under  say  an  aVerage  .head  of  two  feet 
is  11.84  feet  per  second,  equaling  a  discharge  of  3.7  cubic  feet  per 
second;  3.7  cubic  feet  per  second  falling  sixteen  feet  evolves  6.7 
h.  p.  propelling  force,  for  which  the  old  wheel  could  not  return  a 
co-emcient  of  more  than  fifty  per  cent.,  or  3.4  h.p.  Two  hours'  run 
at  that  rate  would  draw  all  of  the  water  that  could  be  utilized  from 
the  pond,  then  it  would  require  twelve  hours  to  refill  the  pond  so 
that  two  and  one-half  to  three  hours  per  day  would  be  all  the  time 
during  the  working  hours  of  the  day  the  machinery  could  be  kept 
in  use. 

In  the  spring  and  during  the  melting  of  the  snow,  and  heavy  rains, 
undoubtedly  there  is  a  larger  supply  of  water,  but  the  water  courses 
below  or  above  the  reservoirs  do  not  indicate  a  much  larger  quan- 
tity generally  than  at  the  present  time.  One  horse  power  ten 
hours  per  day  is  as  much  as  could  be  made  available. 

JAMES  EMERSON. 

WiLLIlCAKSSTT,  MaSS.,  NoV.   16,  1801. 
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I.  L.  D£AN  k  €0.,  AMS^TERDAM,  K.  f . 

Gentlemen  : — In  accordance  with  your  request,  I  have  at  differ- 
ent times  made  examinations  of  your  mill  and  its  surroundings  at 
Rock  City  and  report  as  follows : — 

On  May  28,  current  year,  made  my  first  examination  ;  the  water 
was  high,  flowing  over  the  dam  below  your  mill  24  inches  in  depth. 
The  next  day,  after  the  water  had  fallen  on  the  dam  to  six  inches  in 
depth,  the  depth  in  tail  race  back  of  your  mill  on  the  boundary  line 
was  about  thirty-four  inches.  I  made  examinations  of  the  surround- 
ings and  found  the  conditions  good  so  far  as  they  could  be  ascer- 
tained until  the  water  could  be  drawn  from  the  pond  below  your 
mill.  I  was  then  informed  that  a  suit  had  been  commenced  to  com- 
pel the  lowering  of  the  dam  below  sufficiently  to  prevent  its  backing 
the  water  upon  the  turbine  that  furnished  the  power  to  drive  the 
machinery  in  your  mill,  and  was  requested  to  ascertain  if  the  dam 
did  back  the  water  upon  your  turbine,  and,  if  so,  to  what  extent ; 
then  to  ascertain  by  the  most  accurate  method  the  loss  so  caused, 
then  to  ascertain  the  cost  of  an  equivalent  power  by  steam  at  the 
mill. 

Stumps  in  the  water  on  the  west  side  of  the  pond  offer  positive 
evidence  that  the  dam  below  has  been  raised  within  a  comparatively 
recent  period. 

To  ascertain  the  cost  of  the  equivalent  a  dynamometer  or  power 
scale  was  placed  in  the  main  driving  pulley  of  the  mill.  The 
machinery  of  the  mill,  except  the  dynamo  for  lighting,  was  then 
driven  by  the  steam  engine  during  the  day,  the  coal  as  used  being 
carefully  weighed,  when  it  was  found  that  each  h.  p.  required  4.28 
pounds  of  coal  per  hour  or  102.72  pounds  of  coal  each  day  of  twenty- 
four  hours  per  h.  p. 

Sept.  24,  the  water  in  the  pond  below  your  mill  was  drawn  down 
so  that  the  surface  set  back  exactly  to  the  boundary  line  back  of 
your  mill.  The  surface  at  the  dam  was  twenty-four  and  a  half 
inches  below  the  crest  of  dam  and  twenty-seven  and  a  half  below 
the  usual  water  line  permanently  marked  by  discoloration  on  the 
abutments.  This  would  show  a  loss  from  backwater  of  about 
eighteen  h.  p.  As  neither  the  turbine  nor  steam  engine  can  work 
economically  so  harnessed  together  as  is  usually  done  to  make  up 
for  the  loss  of  water  power,  it  would  be  a  moderate  estimate  to  rate 
the  loss  at  twenty  horse  power,  requiring  a  ton  of  coal  for  each 
twenty-four  hours.  Taking  the  coal  at  five  dollars  per  ton,  the  pay 
of  two  engineers,  and  wear  and  tear  of  machinery,  into  considera- 
tion, the  loss  cannot  be  less  than  ten  dollars  per  day  of  twenty-four 
hours,  though  the  cost  of  steam  power  would  be  less  if  furnished  by 
a  large  engine  running  regularly  for  furnishing  power. 

The  plaintiff's  attorney  requested  me  to  proceed  and  state  the  facts 
in  my  own  way  which  I  proceeded  to  do,  when  the  defendant's  attor- 
ney, with  his  long  arms  wildly  flying  about  his  head  like  those  of 
a  frantic  windmill  let  loose,  shouted,  "•  I  object,  your  honor,  I 
object !  "  and  his  honor  sustained  his  objections  for  no  perceptible 
reasons  other  than  that  such  positive  evidence  so  easily  verified 
left  no  chance  for  the  quibbles  of  the  law  to  continue  the  case  to  an 
indefinite  period.  JAMES  EMERSON. 

Amsterdam,  N.  Y.,  Sept.  24,  1890. 


24 

MASCOMA  BIVEB   IMPBOVEMENT  CO.,    PlAlNTIFF, 
EMERSON  EDGE  TOOL  CO. 


i^^VltCirt^;  S 


9sjm^ 


SS2SSSS 


'^^'-' Y 


m^^ 


\\\\\\\S. 


GENTiiEMEN,  tliis  Certifies  that  on  the  27th  day  of  this  month  I  made  an 
examination  of  the  reservoir  dam  above  your  works  at  East  Lebanon, 
N.  H.  ;  that  I  had  the  apron  planking;  removed  at  four  several  places  and 
that  I  found  the  main  tmibers  sound  and  the  whole  structure  in  a  condition 
to  render  it  safe  for  many  years  to  come.  To  continue  its  duration,  however, 
I  would  advise  that  annually  as  convenient  the  cribbing  or  frame  work  of 
the  dam  be  filled  more  and  more  with  cobble  stone,  and  gravel  be  added  to 
that  above  the  dam.  By  so  doing  in  a  few  years  the  whole  may  be  rendered 
permanent  for  ages  to  come. 

I  would  also  earnestly  advise  not  only  you  but  all  other  owners  of  dams 
to  fix  in  some  unchanging  place  such  as  a  ledge  in  the  side  of  the  pond 
at  the  exact  level  of  the  crest  of  the  dam  a  mark  that  can  never  be  changed 
to  denote  the  height  of  dam  and  have  such  mark  recorded.  The  neglect  to 
take  this  precaution  has  been  the  cause  of  innumerable  cases  of  litigation 
where  dams  have  gone  out,  as  is  so  common,  or  where  they  have  settled  or 
worn  away  as  all  dams  do  in  time.  This  mark  need  not  be  near  the  dam, 
for  the  water  will  give  the  level  when  at  crest  of  dam. 

The  deed  conveying  the  right  to  this  dam,  pond,  and  water  power  is 
wildly  worded,  rendering  it  necessary  for  you  to  observe  great  care  in 
carrying  out  its  conditions.  The  reservoir  is  to  be  so  maintained  that  at 
all  times  suflicient  water  may  be  sent  down  to  furnish  power  for  all  the 
mills  that  now  are  or  may  be  erected  ;  a  condition  very  likely  soon  to 
become  an  impossibility  from  lack  of  water,  hence  you  must  use  discretion 
as  to  the  quantity  you  allow  to  pass  your  gates. 

The  mill  owners  have  the  to-be-unquestioned  right  to  open  or  close  the 
waste  gate  in  the  dam  at  discretion  but  in  no  way  to  meddle  with  the  old 
mill  gates  of  yours  represented  above.  To  do  so  must  render  them  liable 
not  only  as  trespassers,  but  also  for  heavy  damages  that  may  occur  through 
fires  caused  by  the  starting  up  of  machinery  when  there  is  no  one  present 
to  care  for  it,  or  by  rendering  fire  pumps  useless  by  the  shutting  the  gates, 

Whenever  there  is  a  scarcity  of  water  my  advice  to  you  is  to  regulate 
your  gates  so  that  the  water  in  the  reservoir  decreases  but  slowly  ;  tnen  if 
more  is  required  grant  the  request  only  when  made  in  writing  by  a  respon- 
sible agent,  who  shall  hold  you  harmless.  Even  then  you  will  care  for  your 
own  rights,  and  riparian  rights  below. 

The  three  gates  of  the  old  mills  represented  above,  when  the  reservoir  is 
full,  will  discharge  345.2  cubic  feet  of  water  per  second ;.  less  in  proportion 
of  course  with  decrease  of  head  :  345.2  cubic  feet  of  water  falling  14  feet 
evolves  547.7  h.p. ;  adding  the  discharge  of  the  waste  ^ate  the  center  of 
which  has  7  feet  3  inches  head  and  will  discharge  53  cubic  feet  per  second, 
suflicient  water  is  sent  down  tbe  river  to  produce  a  force  of  631.7  h.  p. 
where  the  fall  is  14  feet,  other  fa-xis  in  proportion.  67  per  cent,  of  such  force 
Is  the  estimated  average  realized. 

There  are  numerous  places  below  your  works  before  arriving  at  the 
T^ebanon  Mills  where  dams  and  mills  may  be  constructed.  Such  mills  will 
if  constructed  have  the  right  to  the  natural  flow  of  the  river. 

JAMES  EMERSON. 

WiLLIMANSETT,  MASS.,  Nov.  28,  1891. 
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p.  A.  Smithy  Jr.,  Treaiurer  Mectric  Light  and  Power  Co.,  Water- 
vUle,  Maine : 

This  certifies  that  from  the  9th  to  the  16th  of  this  month  I  have 
made  numerous  tests  at  the  works  of  your  company,  to  deter- 
mine the  power  required  to  drive  your  lighting  machinery,  also  to 
ascertain  the  maximum  power  your  two  *turhines  can  furnish,  it 
being  understood  that  the  head  of  water  during  the  year  is  often 
less  than  at  present,  and  that  at  the  present  stage  it  is  hardly 
sufficient  to  operate  the  six  dynamos,  as  desired. 

Your  company  have  an  alternating  dynamo  connected  with  a  cir- 
cuit of  six  hundred  incandescent  lights,  and  five  other  dynamos  of 
a  different  style  for  arc  lights,  all  of  the  same  make  and  capacity, 
operating  five  separate  circuits,  which  circuits  differ  somewhat  in 
conditions  and  number  of  lights. 

The  tests  were  made  by  belting  from  the  pullevs  on  driving  shaft 
to  dynamo  through  an  Emerson  No.  4  x>ower  scale,  that  carries  its 
load  nine  feet  at  each  revolution  of  shaft  and  scale,  the  weight 
being  shown  in  pounds,  as  upon  the  ordinary  platform  scale. 

Operation  for  computation  of  data :  Multiply  each  revolution  by 
9,  and  that  product  by  the  weight  as  shown,  then  dividing  by  33,000 
shows  the  amount  of  work  done  in  horse  power. 

Test  of  alternating  dynamo :    Revolution  of  scale  per  minute,  495 ; 

of  dynamo,  1,600 ;  weight,  390  pounds. 

495  X  9  =  4,455  X  390  =  l,737,450-r33,000  =  62.65  horse  power. 

Test  of  arc  dynamo  connected  with  a  circuit  of  thirty  arc  lights, 

1,200  candle  power  each :    Revolutions  of  dynamo,  900 ;  of 

scale,  323  per  minute ;  weight  carried,  180  pounds. 

323  X  9  =  2,907  X  180  =  523,260^33,000  =  15.85  horse  power. 
Test  second,  connected  to  different  circuit:    Revolution  of ^cale, 

324  per  minute  ;  weight,  180  pounds. 

324  X  9  =  2,916  X  180  =  524,880-r33,000  =  15.90  horse  power. 
Test  of  third  circuit :    Revolution  of  scale,  325  per  minute ;  weight, 

190  pounds. 

325  X  9  =  2,925  X  190  =  555,750-f33,000  =  16.84  horsepower. 
Test  of  fourth  circuit :    Revolution  of  scale,  324  per  minute ;  weight, 

200  pounds. 
324  X  9  =  2,916  X  200  =  583,200^33,000  =  17.84  horse  power. 
Fifth  circuit,  same  as  the  first  arc  circuit  tested. 

The  six  dynamos  with  all  lights  in  use  require  150  horse  power 
to  be  safe. 

The  two  turbines  at  the  best  cannot  transmit  over  140  horse 
power,  oftentimes  not  that. 

•  Bisdon,  the  most  unreliable  turbine  I  ever  tested.  Owine  to  some  peculi- 
arity, it  could  never  be  told  until  tested  whether  it  would  do  well  or  not. 
One  set  by  a  millwright  was  tested  that  gave  73 ;  the  next  after  resetting  it 
gave  87  per  cent. 

JAMES  EMERSON. 

WiLLiMANSETT,  Mass.,  Feb.  18,  1891. 
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BOND  vs.  CITY  OP  SPRINGFIELD. 

WiLLiMANSETT,  Jan.  6,  1892. 
To  the  Water  Commissioners  of  Springfield:— 

All  through  the  New  England  States  may  be  seen  relics  of  old  mills, 
wheelwright  shops,  etc.,  located  upon  streams  of  little  capacity,  except  in 
the  spring  of  the  year  or  during  heavy  rains.  These  were  very  useml  in 
early  times,  but  now  almost  every  want  is  supplied  by  large  manufacturers 
at  a  lower  price  than  the  raw  material  would  cost  at  these  isolated  places, 
hence  few  of  them  continue  in  operation  and  such  as  do  bear  the  marks  of 
a  lingering  old  age  going  to  seed. 

Portable  saw  mills  are  now  moved  to  timbered  lands,  and  the  lumber  is 
.^awed,  the  slabs  and  refuse  wood  furnishing  the  fuel  for  steam  power,  at 
less  cost  than  the  timber  can  be  drawn  to  stationary  mills  on  water  powers. 

Mr.  Bond,  of  Belchertown,  continues  the  use  of  one  of  these  ancient  mills. 
The  grist  mill  building  was  burned  a  few  years  since,  and  its  place  sup- 
plied by  a  superannuated  depot  building.  The  saw  mill  seems  to  be  de- 
pendent upon  the  most  primitive  means  for  taking  logs  from  the  pond. 
The  old  cobble  stone  or  bowlder  dam  and  rotting  surroundings  offer  evi- 
dence that  at  no  distant  da^^  extensive  and  expensive  repairs  will  have  to 
be  made  from  the  foundation  to  retain  the  pond,  and  evidence  that  the 
future  prospects  have  not  warranted  the  expense  of  repairs  and  improve- 
ments. The  assessed  value  of  mills,  houses,  blacksmith  shop,  etc.,  is  4>2,150, 
and  were  the  property  well  advertised  for  sale  there  is  no  reason  to  think 
the  rush  of  purchasers  would  be  so  great  as  to  cause  the  suspicion  of  undue 
favoritism  on  assessed  valuation. 

Springfield  takes  about  one-half  of  Mr.  Bond's  water  supply  during  the 
summer. 

October  3, 1891,  the  flow  into  Bond's  pond  was  72.77  cubic  feet  per  minute, 
while  the  flow  in  Springfleld  canal  was  93.90  cubic  feet;  but  from  this 
quantity  must  be  deducted  as  a  constant  a  half  million  gallons  daily,  or 
46.4  cubic  feet  per  minute  supplied  by  springs  in  the  bottom  of  the  canal 
below  the  place  where  the  water  is  diverted  from  Mr.  Bond. 

Taking  tne  46.4  from  the  93.90  of  course  does  not  leave  a  quantity  equal 
to  the  flow  to  Mr.  Bond,  but  the  Springfield  supply  varies  as  the  mill  above 
is  or  is  not  in  operation. 

November  25,  the  flow  direct  to  the  Bond  pond  was  252  cubic  feet  per 
minute ;  in  the  Springfleld  canal,  less  46.4  for  percolation,  296.6  cubic  leet 
per  minute.  But  the  mill  above  was  then  in  operation,  and  so  large  a  flow 
would  at  the  most  continue  but  for  ten  of  tne  twenty-four  hours,  while 
during  the  other  fourteen  there  would  be  much  less. 

Two  millions  of  gallons  daily  is  a  liberal  allowance  for  all  of  the  water 
that  Springfleld  can  draw  from  Ivtr.  Bond's  supply.  This  quantity,  185.6  cubic 
feet  per  mmute,  falling  13  feet  evolves  4.56  h.  p.  Holyoke  Water  Power 
Company  furnishes  such  power  per  year  for  ii?4.33  per  h.  p.  free  from  all 
expense  to  purchaser  for  maintaining\lam,  canal,  etc.  Willimansett  brook 
has  a  fall  and  constant  water  supply  for  25  h.  p.  the  year  round  within  a 
third  of  a  mile  of  depot  and  within  a  mile  of  the  misiness  center  of  Holyoke, 
that  has  run  to  waste  for  twenty  years,  no  one  considering  it  worth  the 
expense  of  fitting  it  up  for  utilization.  A  steam  engine  that  woiild  cost 
$500  would  do  more  work  than  all  of  Mr.  Bond's  water  power  much  of  the 
year  and  be  far  more  reliable. 

There  are  two  classes  of  milling  men  that  I  often  come  in  contact  with 
that  do  not  seem  creditable  to  the  age.  The  first  are  shocked  and  filled  with 
indignation  at  the  mere  mention  of  making  examination  or  measurements  in 
their  mills  on  Sunday,  yet  in  the  most  bare-faced  manner  they  will  steal 
water  for  power  every  other  day  of  the  week  the  year  round.  The  other 
class  seem  to  consider  it  a  commendable  token  of  smartness  to  extort  ten 
times  the  value  of  a  thing  from  a  corporation  if  possible. 

Springfield  is  able  to  pay  a  fair  price  for  what  it  needs.  I  would  advise  a 
tender  of  |(1,500  to  Mr.  Bond  for  the  water  taken,  and,  at  the  utmost,  if 
$2,000  will  not  satisfy  his  demands,  then  decidedly  let  the  courts  settle  it. 

JAMES  EMERSON. 
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THE  LAW. 


During  the  past  decade  complaint  has  frequently  been  made  of  a  lack  of 
reverence  for  the  law. 

Mas  the  law,  with  a  continuation  of  its  obsolete  absurdities  and  rules 
requiring  cases  to  be  fitted  to  the  law,  instead  of  making  the  law  fit  the  case 
in  hand,  any  just  claim  to  respect?  Has  there  been  any  attempt  made  by  the 
fraternity  to  simplify  and  bring  it  up  to  the  necessities  of  the  time  ? 

Nearly  twenty-four  hundred  years  ago  Herodotus  wrote  of  its  delays  and  un- 
certainties jzat  as  is  done  to-day.  At  the  left  of  the  illustration  of  oonrt-room 
is  a  view  of  what  a  century  since  was  thought  desirable  to  put  back  of  the  house 
while  the  travel  was  in  front.  Once  in  a  groove  the  plan  has  continued, 
though  a  hundred  from  the  car  windows  are  now  annoyed  by  the  disgusting 
sight  where  one  would  have  been  formerly  if  placed  in  front.  The  two  views 
are  intended  to  show  the  force  of  habit.  The  "  O  yes,  O  yes,*'  miniature  gal- 
lows, and  bullying  of  witnesses  should  be  matters  of  the  past. 

THE  ULW  OF  THE  lAWTEBS. 

Safeguards  for  Professional  Honesty— The  Attorneys'  Oaths,  1884. 

A  frequent  charge  against  members  of  the  bar,  made  indeed  facetiously  in 
most  cases,  is  that  of  insincerity  and  lack  of  veracity.  The  attorneys*  oath  of 
office  is  in  all  conscience  strict  enough,  and  if  there  is  such  a  thing  as  a  dis- 
honest lawyer  he  must  be  a  perjurer  as  well.  Below  is  given  the  form  at 
present  in  use. 

THE  ATTORNEYS*  OATH,  1884. 

You  solemnly  swear  that  yon  will  do  no  falsehood,  nor  consent  to  the  doing 
of  any  in  court;  you  will  not  wittingly  or  willingly  promote  or  sue  any  false, 
groundless,  or  unlawful  suit,  nor  g^e  aid  or  consent  to  the  same;  you  will 
delay  no  man  for  lucre  or  malice;  out  you  Mrill  conduct  yourself  in  the  office 
of  an  attorney  within  the  courts  according  to  the  best  of  your  knowledge  and 
discretion,  and  with  all  good  fidelity  as  well  to  the  courts  as  your  clients.  So 
help  you  God. 

1.  A  lawyer  ought  to  be  a  gentleman.  His  function  as  an  attorney  gives 
him  no  dispensation  to  disregard  the  ordinary  rules  of  good  manners,  and  the 
ordinary  principles  of  decency  and  honor.  He  has  no  right  to  slander  his 
neighbor,  even  if  his  neighbor  be  the  defendant  in  a  cause  in  which  he  appears 
for  the  plaintiff.  He  has  no  right  to  bully  or  browbeat  a  witness  in  cross- 
examination,  or  artfully  to  entrap  that  witness  into  giving  false  testimony. 
Whatever  the  privilege  of  the  court  may  be,  the  lawyer  who  is  guilty  of  such 
practices  in  court  is  no  gentleman  out  of  court. 

2.  A  lawyer  ought  not  to  lie.  He  may  defend  a  criminal  whom  he  knows  to 
be  guilty,  but  he  may  not  say  to  the  jury  that  he  believes  this  criminal  to  be 
innocent.  It  is  notorious  that  some  lawyers  who  would  think  it  scandalous  to 
tell  a  falsehood  out  of  court  in  any  business  transaction  lie  shamelessly  in  court 
in  behalf  of  their  clients,  and  seem  to  think  it  part  of  their  professional  duty. 
That  bar  of  justice  before  which  by  their  professional  obligations  they  are 
bound  to  the  most  stringent  truthfulness  is  the  very  place  where  they  seem 
to  consider  themselves  absolved  from  the  common  law  of  veracity.  So  long 
as  the  legal  mind  is  infected  with  this  deadly  heresy  we  need  not  wonder  that 
our  courts  of  justice  often  become  the  instruments  of  unrighteousness. 

3.  A  lawyer  ousht  not  to  sell  his  services  for  the  promotion  of  injustice  and 
knavery.  Swindlers  of  all  types  are  aided  by  lawyers  in  their  depredations 
upon  society.  It  would  be  more  difficult  to  believe  this  if  its  truth  were  not  so 
often  illustrated  in  the  stupendous  frauds  and  piracies  of  great  corporations, 
all  of  which  are  carefully  engineered  by  eminent  lawyers.  Our  modem 
"  buccaneers  **— our  brave  railroad  wreckers— are  in  constant  consultation 
with  distinguished  lawyers.  They  undeniably  have  "  the  best  of  legal  ad- 
vice '*  in  planning  and  executing  weir  bold  iniquities. 
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Bob  Iiieersoll  rails  much  against  a  venal  priesthood,  yet  defends  Star  Boate 
thieves  with  a  gusto  that  denotes  a  labor  of  love.  The  mote  he  w  dislikes  is 
not  small,  but  he  seems  to  carry  a  whole  lumber  yard  in  his  eye  without 
inconvenience. 

IS  THE  JJLW  ITSBLF  MORE  COMMENDABLE  ? 

Governor  Butler  said:  **  Shall  I  call  your  attention  to  the  time  when  no 
lawyer  was  allowed  to  practice  ?  **  and  he  added,  "  It  was  a  credit  to  the 
legal  profession  that  no  lawyer  had  participated  in  the  witchcraft  tricks,'*— 
and  so  it  was;  but  when  he  said,  "  24o  judge  presided  over  them/*  he  simply 
blundered,  for  it  is  well  known  to  every  school  boy  familiar  with  the  history 
of  those  times,  that  it  was  the  notorious  Chief  Justice  Sewell  who,  in  his  blind 
bigotry  and  desire  to  serve  two  masters,  both  Qod  and  man,  at  the  same  time, 
as  he  thought,  condemned  twenty-four  innocent  people  to  death,  and  after- 
ward  stood  up  in  church  in  Boston,  with  bowed-down  head  ana  sorrowful 
countenance,  while  a  paper  was  read,  in  which  he  begged  the  prayers  of  the 
congregation,  that  the  innocent  blood  which  he  had  erringly  shed  might  not 
be  visited  on  the  country  or  on  him. 

"As  far  as  we  know,"  says  Texas  SiftingSy  *'  there  is  not  a  single  instance 
on  record  in  Texas  of  a  murderer  of  means  having  been  punished  by  law,  no 
matter  how  many  homicides  he  committed."  Texas  is  not  an  exceptional 
state  where  such  cases  transpire. 

The  result  of  the  Sellon  trial  confronts  the  people  of  this  community  with 
some  serious  questions.  Where  and  what  is  the  influence  which  renders  the 
conviction  of  a  man  for  the  taking  of  human  life  impossible  ?  How  is  it  that 
the  machinery  of  the  law  is  wrenched  and  money  poured  out  like  water  to 
convict  two  men  of  a  crime  which  a  majority  of  people  believe  to-day  was 
never  committed  by  anybody,  while  three  men,  each  with  the  blood  of  a  fel- 
low being  on  his  hands,  walk  the  streets  free  men,  one  of  them  not  even  hav- 
ing been  indicted  for  his  crime?  It  has  become  so  in  this  community  that  if 
a  murder  is  committed  and  the  man  who  does  the  deed  has  any  influence, 
political,  pecuniary,  or  social,  which  can  be  brought  to  bear,  it  is  immediately 
taken  for  granted  that  he  will  not  be  punished  for  the  crime. 

THE  KEMMLEB  BEPBIEVE. 

The  case  of  the  condemned  murderer  Kemmler  certainly  offers  the  most 
remarkable  instance  of  judicial  procrastination  on  record  m  this  country. 

A  FATAIi  FliAW  IN  THE  INDICTMENT. 

A  highly  respected  citizen  was  arraigned  before  court  for  shooting  and  kill- 
ing a  friend.  The  evidence  was  direct,  and  after  exhaustive  arguments  had 
been  made  the  judge  said: — 

**  It  is  clearly  proven  that  you  are  guilty,  as  charged  by  the  indictment." 

"But  I  protest  my  innocence,"  replied  the  prisoner.  "The  indictment 
reads  that  I  did  shoot  and  kill  the  gentleman  with  powder  and  a  leaden  bullet. 
This  is  a  mistake.  I  had  no  bullets  at  the  time,  so  I  loaded  my  gun  with  pow- 
dfii*  And  A  hOFi^osliod  u&il  " 

"  That  indeed  alters  the  case,"  said  the  judge.  "  The  indictment  said 
bullet,  when  it  should  have  said  nail.    You  are  discharged,  sir." 

Frank  Weiss,  the  editor  of  an  illustrated  German  comic  paper  at  Erie,  Pa., 
is  on  trial  for  libel,  and  has  succeeded  in  fighting  the  law  with  its  own  weapons 
in  a  very  amusing  way.  The  district  attorney  at  the  opening  of  the  prosecu- 
tion claimed  the  right  to  "  stand  aside  "  jurors  under  an  ancient  law  of 
Edward  I.,  never  repealed  and  once  sustained  by  the  supreme  court  of  Penn- 
sylvania by  some  musty  decision.  In  this  way,  every  German  or  Irish  juror 
was  thrown  out  jbhe  court  assenting  to  the  absurd  supremacy  of  this  law  of 
900  years  ago.  Weiss,  who  is  a  small,  feeble,  melancholy-looking  man,  then 
concluded  if  they  were  going  in  for  medi£eval  law  he  would  have  some.  So 
he  insisted  on  tne  trial  of  the  case  by  ordeal  of  fire  and  by  combat!  He 
floored  the  court  with  his  citations  of  unrepealed  law,  and  at  last  accounts  the 
suit  was  still  in  progress^  with  more  fun  in  the  court  than  there  ever  was  in 
the  newspaper. 
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The  fallibility  of  Juries  has  recently  had  a  striking  illustration  in  the  case 
of  a  man  under  life  sent<?nce  for  murder  in  Michigan,  having  been  recently 
pardoned,  after  passing  twenty-seven  years  in  prison,  on  the  ground  that  he 
is  innocent  of  the  crime  for  which  he  was  convicted.  He  was  convicted 
mainly  on  the  false  testimony  of  a  worthless  wretch  who  had  a  grudge  against 
Kjni,  and  who  afterwards  coiifessed  that  the  evidence  given  by  him  at  the  trial 

as  ;  lie.  It  is  sad  enough  to  consider  the  long  years  of  confinement  suffered 
\j  an  innocent  man,  but  still  more  sad  to  think  of  his  blasted  life,  and  that 
now  he  is  set  free  he  has  no  remedy  <>r  redress  for  the  suffering  and  shame 
endured  or  the  gross  injustice  of  wluch  he  has  been  the  victim. 

A  QUESTION  OF  PAKDON. 

I  see  that  the  papers  notice  the  *'  pardon  of  an  innocent  man."  How  can 
an  innocent  man  be  pardoned?  What  is  there  to  pardon  him  for?  If  there 
is  anybody  to  be  pardoned,  isn't  it  the  ones  who  imprisoned  him  ? 

Has  a  people  that  will  allow  such  a  damnable  Ihav  to  continue  to  exist  any 
claim  to  be  considered  civilized  ?  Surely,  if  the  safely  of  the  connnunity 
requires  the  punishment  of  a  supposed  guilty  person,  the  commonest  justice 
requires  the  most  ample  retraction  and  compensation  in  case  innocence  is 
afterward  proved. 

A  well  known  lawyer  said:  "  If  I  had  my  Avay,  I  would  abolish  all  the 
courts  in  the  state  once  every  ten  years.  The  courts  are  the  masters  of  the 
people.  Tallc  about  their  baing  the  servants  of  the  common wejdth— they  are 
its  masters.  You  can  see  how  it  is  when  anything  is  attempted  at  the  Legis- 
lature which  touches  any  of  these  courts.  If  a  measure  is  proposed  which 
would  disturb  any  of  them,  it  is  impossible  to  get  it  through  the  Legislature. 
They  have  such  control  over  the  senators  and  representatives  that  nothing 
can  be  done.  A  judge  has  so  much  prestige  that  the  representative  thinks  he 
is  doing  just  the  right  thing  if  he  votes  as  the  judge  thinks  is  the  best  way,  and 
the  consequence  is  that  it  is  absolutely  impossible  to  get  any  reform  through. 
A  judge  isn't  any  bettjr  man  after  he  goes  on  the  bench  than  he  was  before, 
(living  him  a  commission  doesn't  malce  any  better  man  of  him.  or  give  him 
any  new  faculties,  or  make  his  opinion  any  more  entitled  to  respect  than  it 
was  before." 

And  if  I  could  have  ray  way  the  Legislature  should  meet  but  once  in  ten 
years;  tlien  select  a  few  fundamental  principles  of  justice,  never  exceeding 
one  humlred  in  number;  then  repeal  all  previously  existing  laws  from  the 
beginning  of  recorded  acts,  and  have  all  disputes  settled  by  arbitration,  allow- 
ing no  lawyer  to  be  employed. 

JURY  TRIAL. 

What  a  travesty  upon  both  law  and  justice;  agree  or  starve!  One  venal 
member,  by  providing  beforehand,  could  easily  compel  the  others  to  submit 

Yet  further,  it  is  a  well-established  point  of  law  that  an  agreement  under 
duress  is  illegal 

A  diligent  reader  with  a  good  memory  may  be  a  successful  lawyer  without 
being  a  statesman  or  much  of  a  man. 

Congress  is  rotten  with  lawyers  and  notoriously  lacks  statesmanship. 

It  is  a  strange  condition  of  society  tliat  its  laws  that  all  are  to  live  by  become 
so  complicated  that  lawyers  at  from  five  to  a  thousand  dollars  per  day  must 
be  employed  to  explain  their  meaning. 

IN  CONCLUSION. 

Can  any  intelligent  person  accustomed  to  our  courts,  witnessing  the 
sill  I/,  ohosolete  forms  for  opening  and  closing,  its  suppression  of  undesired 
evidence,  its  use  of  private  correspondence,  its  attempts  to  trick  witnesses 
into  contradictory  statements j  its  Jarndifce  and  Jarndi/ce  procrastinations, 
its  breaking  of  wills,  its  pandering  to  the  influential,  have  an//  respect 
therefor  or  look  upon  it  in  any  other  light  than  that  it  is  a  bondage  alike 
disgraceful  to  those  who  practice  and  those  who  endure  its  continuance  f 
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Expurgation  and  Pretension. 

The  real  value  of  a  book  consists  in  its  representation  of  its  time, 
to  expurgate  destroys  its  representative  character. 

Expurgate  the  atrocity  and  obscenity  of  the  Bible  and  only  spirit- 
ualism would  remain.  Expurgate  what  at  this  day  cannot  publicly 
be  read  from  Shakespeare's  works,  and  the  pith  is  gone.  Expurgate 
the  loathsome  filthiness  from  Rabelais'  description  of  the  Chris- 
tianity of  his  time,  and  only  the  covers  of  his  book  remain.  The 
delicacy  that  causes  the  teacher  to  send  the  bare  legged  boy  from 
school  does  not  prevent  her  from  displaying  more  than  legs  at  the 
bathing  beach.  The  age  that  sentences  the  poor  thief  to  years  of 
imprisonment  for  stealing  a  suit  of  clothes,  pronounces  the  rich  rail- 
road director  free  from  guilt,  though,  in  defiance  of  law,  he  has  caused 
the  death  of  passengers  by  roasting.  Talmadge  in  his  church,  the 
clown  in  his  circus,  and  the  self-styled  statesman,  each  worship  the 
Christian's  God,  and  there  can  be  little  doubt  but  that  the  clown 
does  the  most  for  humanity.  The  unpretentious  farmer  that  places 
a  watering  trough  by  the  wayside  for  the  thirsty  man  or  horse,  in 
my  opinion,  does  more  for  the  elevation  of  man  and  glory  of  God 
than  the  rich  man  who  builds  a  church  or  endows  a  college. 

Rotten  Statutes. 

As  a  people  few  are  more  ready  than  ourselves  to  censure  the 
tolerance  of  abuses  by  others,  or  more  servile  in  submitting  to  such 
of  our  own.  How  we  smile  at  the  Jay  Goulding  of  a  railroad 
through  the  chicanery  of  the  law,  or  even  the  acquittal  of  a  mur- 
derer by  the  resurrection  of  a  rotten  statute  that  should  have  been 
buried  by  obliteration  centuries  since.  Such  successes  in  any  other 
walk  of  life  would  be  considered  infamous,  but  in  law  successful 
rascality  is  called  smartness.  If  law  is  designed  to  aid  justice  why 
is  such  rascality  tolerated  by  a  people  claiming  to  be  civilized  ? 
Savages  would  scorn  such  trickery. 

Patents,  notes  of  hand,  judgments,  etc.,  etc.,  are  limited  in  dura- 
tion. Why  not  statutes?  With  nearly  fifty  independent  States 
each  constantly  issuing  volumes  of  new  statutes,  where  is  it  to  end? 
Lawyers  produce  nothing  but  strife  and  their  support  comes  from 
labor.  Will  the  laborer  forever  continue  to  support  a  class  so  useless 
yet  so  expensive?  We  claim  to  be  a  free  people,  but  can  there  be 
freedom  with  such  a  mountainous  pile  of  rotten  statutes  hanging 
over  us?  Can  anything  be  more  senseless  than  the  common  prac- 
tice of  legislators  referring  matters  pertaining  to  the  law  to  the 
judiciary  committee  (  Lawyers  if  no  worse  certainly  are  no  better 
than  others.  Simple  laws  are  not  for  their  interest.  The  ideal  law 
of  the  lawyer  is  of  the  mattock  and  spade,  mailed  shirt  and  bow 
and  arrow  age.  If  the  steel  plow,  harvester,  rifle  cannon  and  re- 
peating rifle  are  superior  to  those,  then  in  proportion  has  the  me- 
chanic proved  his  superiority  to  the  lawyer.  Then  what  excuse  is 
there  for  suffering  the  designing  or  inferior  to  determine  the  laws 
for  the  superior  ?  Law  is  for  man  not  man  for  the  law.  Get  up 
out  of  the  ruts,  Messrs.  Legislators  !  if  your  heads  hit  the  roof  when 
doing  so  your  brains  are  safe,  that  is  not  their  location.  Why  not 
to  every  new  statute  enacted  add,  "and  all  previous  enactments  in- 
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consistent  with  this  are  hereby  repealed"?  The  best  governed  peo- 
ple are  those  governed  the  least.  Blot  out  every  statute  over  twenty 
years  of  age,  and  the  occupation  of  the  smart  lawyer  would  be  gone. 

Arbitration. 

When  a  proposition  is  made  by  one  of  a  party  to  leave  a  case  in 
dispute  out  to  three  disinterested  persons  to  decide  and  the  other 
refuses  to  do  so,  we  invariably  believe  the  latter  to  be  the  one  in 
the  wrong.  Then  why  not  make  such  arbitration  obligatory, 
whenever  one  party  demands  it?  Do  away  with  the  so-called  law 
and  lawyers.  Have  fewer  officials  and  those  directly  amenable  to 
the  people.  Form  a  general  plan  for  arbitration  and  make  such 
decisions  final,  except  in  cases  of  finding  new  and  undeniable 
evidence,  then  in  serious  cases,  such  as  unjust  criminal  convictions 
and  punishments,  have  the  highest  official  of  the  state  apologize 
for  the  wrong  and  so  far  as  possible  make  the  fullest  restitution  for 
the  injustice,  instead  of  as  is  now  done  adding  outrage  to  injustice 
by  the  mockery  of  pardoning  a  martyr,  what  a  barbarian  would  be 
ashamed  to  do.  In  God's  name,  is  there  not  statesmanship  in 
Massachusetts  sufficient  to  remedy  a  wrong  so  glaring  ? 

The  Sacredness  of  an  Oath. 

In  a  story  about  Catiline,  a  companion  says,  "Who  believes  in  an 
oath?  Did  you  ever  believe  in  one,  Catiline?"  "Well,  perhaps  so, 
when  a  boy,"  was  the  reply. 

Those  accustomed  to  the  usual  style  of  administering  the  oath, 
"Hold  up  your  hand.  You  solemnly  yum,  yum,  yum,  s'elp  you 
God,"  can  hardly  be  much  impressed  with  its  sanctity,  and  the  ob- 
servance of  the  interested  witness  with  his  "I  don't  remember,"  and 
burning  face  when  the  question  has  struck  home,  will  be  likely  to 
cause  the  observer  to  come  to  the  conclusion  that  the  person  who 
in  ordinary  conversation  embellishes  his  scory  merely  for  self 
exaltation,  will  hardly  hesitate  to  lie  when  under  oath  if  it  is  for 
his  interest  to  do  so.  There  are  penalties  for  perjury;  why  not 
depend  upon  those  1 

Irresponsible  Commissions. 

If  "eternal  vigilance  is  the  price  of  liberty,"  can  it  be  well  to  take 
the  power  to  act  direct  from  the  people,  and  place  it  in  the  care  of 
a  commission  chosen  more  through  political  partisanship  than  per- 
sonal fitness? 

Are  three  hackneyed  politicians  more  likely  to  be  just  to  all- 
than  those  interested  for  the  best  good  of  their  homes?  Are  our 
schools  as  effective  now  in  producing  practical  men  and  women, 
as  formerly  under  the  old  district  or  local  governing  system? 

Responsibility  begets  consideration.  How  quick  staid  citizens, 
after  enlisting  as  soldiers  during  the  late  war  and  losing  their  per- 
sonal responsibility,  became  like  unruly  boys,  often  worse. 

Is  it  democracy  to  place  the  governing  power  in  the  hands  of  a 
minority  of  wire  pullers?  Can  a  single  instance  of  such  a  course 
being  found  conducive  to  general  good  be  named  since  the  begin- 
ning of  history?  Then  why  ignore  such  ages  of  experience 
and  abandon  the  principle  of  self-government? 


SHOW  INSTITUTIONS  OF  THE  HILLS, 


Can  such  an  (iBtenUtions  display  denote  a  high  ciTilizatJon  1 
"EDUCATE  THE  IDIOTIC" 
Can  education  to  such  bring  happiness  1     If  ignorance  is  bliaa 
under  any  condition,  it  would  seem  to  be  so  with  the  idiotic. 

WouUl  it  not  imlicale  greater  inlfilliijence 
To  seek  for  the  cause  and  try  to  stop  tlie  production  of  idiots, 
paupere,  lunatics,  invalids,  and  criminals  ? 

Whelier  entirely  satinfactnry  In  the  patients. 
These  inatitiitiona  are  convenient  retreats  for  retiring  rival  politi- 
cians,  at  the    same  time  producing  liot-house   culture  of"  offen- 
sive partisanship." 
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The  Testing  System. 

Having  terminated  my  connection  with  the  business  of  testing 
turbines,  it  may  be  well  to  give  a  brief  account  of  the  conception 
of  the  business  as  a  system. 

Such  tests  were  made  in  Europe  early  in  the  present  century ;  in 
this  country,  by  Uriah  A.  Boyden,  from  1843  to  1859.  I  have  found 
it  impossible  to  obtain  any  authentic  record  of  Mr.  Boyden's  tests, 
though  there  are  rumors  of  fabulous  results.  Mr.  Francis,  in  the 
work  called  '*  Lowell  Hydraulic  Experiments,"  states  that  data  fur- 
nished him  for  computation  gave  88  per  cent.  He  does  not  Youch 
for  the  data  furnished,  nor  does  it  appear  that  such  data  was  fur- 
nished by  a  disinterested  engineer  in  any  case.  Mr.  Francis  fol- 
lowed Mr.  Boyden  in  making  such  tests,  but  he,  like  the  former, 
made  them  so  expensive  as  to  be  beyond  the  reach  of  any  but 
wealthy  corporations,  while  the  manufacturing  interest  required  a 
definite  knowledge  of  the  efficiency  of  the  yarious  kinds  of  turbine 
plans  then  springing  into  existence. 

In  1869-60,  the  city  of  Philadelphia  gratuitously  tested  a  yariety 
of  small  wheels  for  different  builders,  but  the  plan  for  doing  it  was 
so  defective  that  the  tests  had  but  little  influence.  In  1867,  the 
Chase  Turbine  Co.,  of  Orange,  Mass.,  employed  me  to  construct  a 
dynamometer  or  brake  for  testing  turbines.  The  friction  bands  that 
may  be  seen  on  the  ship  windlass,  in  another  part  of  this  work,  gave 
me  the  idea  of  controlling  a  turbine  in  that  way,  for  I  had  brought 
many  a  ship  to  by  such  bands.  The  Prony  brake  had  never  been 
heard  of  by  me  at  that  time,  nor  until  my  brake  was  completed. 

In  1868,  A.  M.  Swain  asked  me  to  get  up  a  suitable  brake,  and 
test  one  of  his  wheels  at  Putnam,  Ct.  Six  months'  time  and  ^1,700 
were  expended  in  preparing  the  instrument.  The  company  was 
persuaded  to  construct  a  flume  at  the  "  overflow  "  of  the  Wamesit 
Power  Co.,  Lowell,  Mass.  A  42-inch  Swain  wheel  was  set,  and 
tested  by  Mr.  Swain  and  myself.  The  results  were  such  that  the 
company  was  urged  to  employ  an  engineer  with  at  least  a  theoretical 
knowledge  of  such  tests.  H.  F.  Mills,  then  of  Boston,  was  selected 
for  the  purpose.  The  company  then  held  a  meeting  and  authorized 
Mr.  Swain  and  myself  to  make  arrangements  for  a  public  trial,  and 
the  following  notice  was  issued : 

Imfobtant  Test  of  Tubbinb  Water  Wheels,  at  Lowell,  Mass., 

June  16,  I8d9. 

Sib  :  The  Swahi  Turbine  Co.  hasjust  completed  extensive  arrangements  for  a 
competitive  test  of  Turbine  Water  Wheels.  A  flume  and  weir  of  the  most  ap- 
proved plan,  to  supply  and  measure  the  water  used,  has  been  constructed.  Em- 
erson's Dynamometer  will  be  used  to  test  the  power  of  the  wheels. 

The  "pit"  is  fourteen  feet  in  width;  head  of  water  varying  from  twelve  to 
sixteen  feet.  Each  competitor  will  select  size  and  finish  of  wheel  to  suit  himself. 
The  Swain  Wheel  to  be  tested  was  built  before  the  test  was  thought  of,  and  is  in 
no  way  superior  to  the  average  of  wheels  furnished  by  the  company.  It  is  forty- 
two  inches  in  diameter,  and  will  be  tested  on  the  16th  day  of  this  month. 

The  Swain,  LeflTel,  Bodine-Jonval  and  Bryson  Turret  wheels 
were  entered.  The  measuring  pit  was  fourteen  feet  wide,  thirty  in 
length  and  at  first  a  little  over  three  feet  in  depth  below  crest  of 
weir — the  wheels,  standing  inside  at  the  upper  end  in  a  quarter  turn 
or  iron  flume,  being  about  twenty  feet  from  the  weir.  In  this  dis- 
tance there  were  three  separate  racks  to  check  the  rushing  water. 
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The  Swain  wheel  had  thin  sheet  steel  buckets,  which  made  it  rety 
light  for  its  diameter ;  yet,  when  set,  it  was  barely  possible  to  turn 
it  by  the  coupling  upon  the  top  of  its  shaft — ^the  coupling  being 
twenty  inches  in  diameter,  made  that  size  to  connect  with  brake. 
Mr.  Swain  '<  guessed  the  wheel  would  go,  only  put  the  water  to  it." 

The  Leffels  knew  better  than  to  lose  fifty  or  a  hundred  pounds  in 
that  way,  so,  when  their  wheel  was  set,  it  turned  about  as  easy  as  a 
child's  top.  Of  course,  an  engineer  of  experience  would  have  re- 
fused to  have  tested  a  wheel  running  as  hard  as  the  Swain  did,  or  to 
have  tested  a  wheel  of  that  size  at  all  in  a  pit  so  small  and  filled 
with  racks,  for  a  good  wheel  would  have  little  chance  against  one  of 
low  efficiency.  The  working  surfaces  of  the  brake  and  band  were 
made  of  steel  and  iron.  Both  being  fibrous,  little  strips  tore  firom 
each,  oft;en  checking,  and  at  times  bringing  the  wheel  to  a  sudden 
stop,  so  that  it  was  difficult  to  make  steady  tests  of  many  minutes' 
duration.  A  bell  was  connected  to  the  wheel-shaft,  which  struck 
at  each  fifty  reyolutions  of  the  wheel.  Instead  of  making  each 
test  with  a  giren  weight  separate  and  distinct  by  itself,  obseryers 
were  placed  at  the  different  gauges,  with  watches  set  to  the  same 
time.  As  the  wheel  ran  very  unsteady  at  the  best — oft«n  stopping 
entirely — it  was  necessary  to  reject  many  of  the  observations,  and 
it  will  readily  be  seen  that  the  difficulty  would  be  in  placing  the 
right  patches  together.  That  this  is  not  imaginary,  the  following 
tables  of  results  are  given.  The  first  is  a  copy  of  Mr.  Mills'  report, 
the  second  is  a  record  of  tests  taken  by  myself,  the  same  gauge 
hands  being  employed  in  each  case,  and  the  conditions  being  pre- 
cisely the  same  for  both.  My  tests,  however,  were  taken  upon  the 
same  plan  that  I  have  followed  continuously  for  more  than  ten 
years :  that  is,  to  make  each  test  for  a  given  weight  complete  and 
distinct  in  itself.  Mr.  E.  A.  Thissel  made  a  record  of  the  gauges, 
as  given  by  each  of  the  hands  employed,  and  as  it  agreed  exactly 
witS  the  notes  I  had  taken  of  all,  his  record  is  given  in  the  table. 

Mods  of  Conductinq  the  Expbriicbntb. 

Observers  were  stationed  at  yarions  points,  as  follows : 

Mr.  J.  B.  stale,  at  the  hook-gauge,  obseryed  eyery  minute,  and  a  part  of  the 
time  every  thirty  seconds,  the  reading  of  the  hook-gauge,  which  indicated  the 
depth  of  water  upon  the  weir. 

Mr.  R.  A.  Hale  obseryed  the  height  of  the  water  in  the  forebay  and  in  the  pit,  by 
means  of  the  scale  (D)  passing  from  the  lower  box  to  the  upper  eyery  minute. 

Mr.  E.  A.  Thissel  noted  the  time  of  the  striking  of  tlie  bell,  which  indicated 
the  speed  of  the  wheel,  to  the  nearest  quarter  second. 

Mr.  James  Emerson,  by  means  of  the  hand-wheel  (M)  regulated  the  friction  so 
that  the  index  (E)  should  be  kept  as  near  to  zero  as  possible,  and  thus  the  scale 
beam  be  kept  leyel. 

Another  assistant  obseryed  as  rapidly  as  possible  the  actual  position  of  the 
index  during  the  experiment. 

Another  kept  the  oil  cups  (T)  supplied  with  oil,  and,  by  a  cock  attached  to  each, 
regulated  the  amount  ilowing  upon  the  friction  surfaces. 

Another  attended  the  gate  and  kept  the  racks  clear  of  obstructions. 

The  writer  kept  a  record  of  the  weights  in  the  scale-pan,  the  heights  of  gate, 
all  irregularities  in  the  motion  or  disturbing  causes  of  any  kind  that  would  affect 
the  results  of  the  experiment,  and  sufficient  obseryations  of  each  class  to  check 
the  accuracy  of  all  of  the  notes. 

At  interyals,  during  a  series  of  experiments,  all  of  the  watches  were  compared 
with  the  standard,  and  differences  noted,  that  there  might  be  no  difficulty  in 
selecting  the  observations  which  applied  to  the  time  when  the  conditions  for 
accurate  results  obtained*    liccorded  in  the  following  manner : 
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37 
Tests  on  Leffel  Wheel. 


Date,  Oct.  12, 1860.    The  first  19  tevts  L  of  weir  was  10.062.    CorrectioD,  .733. 
•«      ••     13,     "       The  next  21    **    "  *•      "       «•  «♦  •• 

1,     "       The  next   7    "    "  "      "        "         Ko  correction. 


t( 


"      "     11,     "       The  next    6    "    "  «*      "       "  "  «• 

Weight  of  water  used  for  all  these  tests  was  62.33  lbs.  per  cubic  foot.  In  the 
group  of  "  7  tests,"  the  first  3  were  made  with  holes  in  wheel  plates  closed,  and 
in  the  remaining  4  with  holes  open. 


No. 
Test. 

Head. 

Weir. 

Gate. 

Weight. 

Rev. 
per  min. 

Horse 
Power. 

Cu.  feet 
per  sec. 

Per 
Cent. 

Rcl. 
Veloc 

1 

14.28 

1.730 

4.5 

670 

138 

42.03 

82.66 

.795 

.795 

2 

14.17 

1.727 

II 

II 

136 

41.11 

32.52 

.787 

.799 

3 

14.01 

1.671 

II 

II 

127 

38.68 

29.84 

.817 

.739 

4 

« 

1.669 

II 

<i 

124 

37.76 

29.75 

.799 

.722 

5 

(t 

1.674 

II 

675 

126 

38.36 

29.98 

.806 

.725 

6 

«« 

1.673 

II 

II 

11 

II 

29.94 

.807 

.725 

7 

13.98 

1.672 

ii 

660 

126 

37.80 

29.89 

.798 

.733 

8 

13.86 

1.671 

11 

700 

120 

38.18 

29.84 

.815 

.701 

9 

14.48 

1761 

7-8 

740 

130 

43.73 

34.18 

.780 

.744 

10 

14.21 

1.761 

«{ 

750 

128 

43  64 

34.18 

.793 

.738 

11 

14.18 

1.762 

11 

755 

126 

43.24 

34.22 

.786 

.728 

12 

14.16 

1.780 

.     Full 

it 

130 

44.61 

36.11 

.792 

.753 

13 

14.17 

1.782 

<i 

760 

It 

44.91 

35.21 

.789 

.747 

14 

14.20 

1.781 

II 

11 

It 

II 

35.16 

.794 

.747 

15 

14.16 

1.782 

11 

765 

It 

45.20 

35  21 

.800 

.748 

16 

14.18 

1.782 

It 

It 

II 

II 

36.21 

.799 

.747 

17 

14.925 

1.378 

2-5 

400 

115 

20.91 

17,12 

.722 

.649 

18 

<< 

1.364 

it 

349 

126 

19.32 

16.57 

.690 

.703 

19 

II 

1.354 

II 

320 

128 

18.62 

16.18 

.680 

.720 

1 

16.21 

1.136 

1-5 

175 

111 

8.83 

7.88 

.650 

.619 

2 

It 

1.134 

11 

170 

115.2 

8.90 

7.82 

.660 

.643 

3 

15.22 

1.132 

<i 

160 

it 

8.38 

7.77 

.626 

.642 

4 

15.21 

1.129 

II 

150 

122.4 

8.35 

7.68 

.630 

.683 

5 

15.23 

1.127 

It 

140 

127.8 

8.13 

7.63 

.617 

.713 

6 

15.24 

1.127 

It 

135 

130.2 

7.99 

7.63 

.606 

.726 

7 

11 

1.126 

II 

130 

133.2 

7.69 

7.60 

.686 

.742 

8 

11 

1.127 

II 

135 

130.2 

7.99 

7.63 

.606 

.726 

9 

14.26 

1.526 

3-5 

500 

122.4 

27.82 

23.26 

.740 

.705 

10 

14.21 

1.527 

II 

II 

II 

11 

23.01 

.741 

.707 

11 

II 

1.535 

II 

475 

124.8 

26.96 

23.83 

.707 

.720 

12 

14.23 

1.521 

11 

460 

127.8 

26.72 

23.05 

.719 

.737 

13 

11 

1.521 

II 

465 

II 

27.01 

23.05 

.727 

.737 

14 

14.56 

1.147 

1-5 

130 

133.2 

7.87 

8.18 

.583 

.760 

15 

14.46 

1.149 

135 

133.0 

8.10 

8.24 

.600 

.755 

16 

14.46 

1.146 

140 

127.8 

8.14 

8.15 

.610 

.732 

17 

14.16 

1.741 

Full 

725 

133.2 

43.90 

33.20 

.822 

.770 

18 

14.13 

1.736 

II 

It 

II 

32.95 

.832 

.771 

19 

<i 

1.742 

730 

127.8 

43.41 

33.24 

.797 

.740 

20 

14.15 

1.745 

735 

129.6 

43.30 

33.39 

.809 

.750 

21 

14.02 

1.775 

II 

127.8 

42.70 

34.87 

.771 

.743 

1 

12.22 

1.061 

None  pivcn 

700 

120 

38.18 

35.81 

.770 

.747 

2 

12.09 

1.045 

725 

115.4 

38.03 

35.01 

.793 

.721 

3 

12.01 

1.045 

675 

125 

38.36 

36.01 

.804 

.784 

4 

12.73 

1.077 

<i 

II 

II 

36.61 

.726 

.761 

5 

12..')l 

1.077 

700 

120 

38.18 

3661 

.736 

.738 

6 

12.30 

1.061 

725 

115.38 

38.02 

S6.81 

.762 

.715 

7 

12.12 

1.061 

750 

111 

37.84 

35.81 

.769 

.694 

1 

14.23 

1.010 

725 

127.6 

42.0.^ 

33.29 

.783 

.737 

2 

14.08 

1.047 

730 

136.6 

47.45 

35.11 

.847 

.793 

S 

14.105 

1.076 

800 

127.6 

46.40 

36.56 

.794 

.741 

4 

14.08 

1.011 

750 

125 

42.61 

33.84 

.801 

.724 

5 

14.08 

1.034 

600 

150 

40.91 

34.47 

.744 

.870 

3« 

I  hare  seen  sufficient  the  past  year  to  convince  me  that  testa 
made  with  so  many  gauge  hands  are  very  unreliable. 

I  would  not  be  understood  as  vouching  for  the  efficiency  of  the 
wheel,  as  given  by  Mr.  Mills  or  myself,  for  my  experience  since  has 
made  me  very  skeptical  about  tests  made  in  pits  so  limited  as  to  re- 
quire the  use  of  racks  to  still  the  water  discharged ;  but,  as  those 
tests  were  made  under  the  same  conditions,  the  discrepancies  have 
made  me  cautious  about  using  unnecessary  formula  for  mere  effect. 
That  much  of  the  formula  for  testing  turbines,  published  by  Mr. 
Francis,  is  for  effect,  it  is  charitable  to  believe.  The  plan  is  un- 
doubtedly that  followed  by  Mr.  Boyden,  and  it  is  not  creditable  to 
his  ability  to  suppose  he  believed  several  pipes,  leading  from  differ- 
ent heads,  would  fill  a  tank  to  the  average  depth  of  the  whole,  yet 
that  is  what  his  perforated  pipes  around  the  wheel  and  across  the 
pit  leading  to  the  gauge-tanks  mean.  With  filtered  water,  plenty  of 
help,  abundance  of  time,  and  no  regard  for  expense,  the  plan  would 
not  prevent  accuracy ;  but  for  practical  tests  under  ordinary  con- 
ditions, with  sediment  in  the  water,  such  pipes  are  anything  but 
desirable,  and  under  no  possible  conditions  are  they  necessary. 
The  dash-pot  is  another  source  of  error.  It  is  absolutely  necessary, 
with  such  a  brake  as  Mr.  Boyden  used,  also  with  the  best  brake 
that  can  be  made,  for  some  wheels,  while  there  are  others  that  can 
be  tested  without  it ;  but  the  greatest  care  should  be  taken  to  have 
the  plunger  work  as  sensitively  as  possible.  The  pipes  connecting 
the  gauge-tanks  with  pit  and  forebay  are  matters  of  great  importance. 
Of  course,  the  smaller  they  are,  the  steadier  the  level  of  the  surface 
in  the  tanks.  The  machine  engineer  likes  small  pipe  connections,  but 
the  practical  engineer  has  them  large,  that  the  surface  of  the  water 
in  the  tanks  may  represent  the  true  surface  in  pit  or  forebay.  The 
water  may  rise  and  fall  quick,  as  it  should  if  it  does  so  in  pit  or  fore- 
bay,  but  it  is  easy  to  get  the  mean  of  the  variations  by  observing  the 
extremes.  Racks,  as  usually  constructed,  take  up  one-half  of  the 
cross-section  of  the  pit ;  a  very  fine  rack  more  than  that,  if  made  of 
wood,  and  of  course  stops  the  water,  causing  it  to  be  higher  above 
than  below  them.  This  gives  accelerated  velocity  to  the  water. 
Following  the  plan  faithfully  for  two  years,  it  proved  to  be  a  perfect 
trap  for  catching  errors.  The  tank  connections  were  then  enlarged, 
the  pit  lengthened  and  made  deeper ;  the  perforated  pipes  and  racks 
were  abandoned,  the  dash-pot  was  reduced  in  size,  and  the  plunger 
made  perfectly  free — after  which  changes,  there  was  no  difficulty  in 
making  tests  that  would  repeat — a  very  necessary  achievement  in  a 
business  where  suspicious  patrons  were  in  the  habit  of  keeping  tested 
wheels  months,  perhaps  years ;  then,  after  repainting,  return  them 
as  new  to  be  retested,  as  was  often  done.  The  bane  of  engineering 
has  been  too  much  desire  for  display  of  mathematical  exactitude, 
without  much  regard  for  the  mechanical  devices  used  with  which  to 
procure  data  to  work  from.  Look  at  the  coarse  brake  and  scale 
beam  used  by  Mr.  Boyden,  also  by  Mr.  Francis,  then  at  proportions 
as  given  l^  the  latter  in  Lowell  Hydraulic  Experiments : 


iL 


Prony  Brake. 


Length  of  brake  was  found  to  be   9.745  feet. 

Effective  length  of  vertical  arm,    4.500    ** 

Effective  length  of  horizontal  arm,  6.000    " 

Consequently,  effect  in  length  was  9.745X6-5-4.5=10.827778  feet. 

Why  not  have  made  the  brake  and  arms  of  lengths  readily  expressed 
in  whole  numbers,  thus  doing  away  with  decimals?  Made  in  any 
lengths,  a  coarse  oak  timber,  with  an  inch  and  a  half  round  iron 
bolt  through  it  for  a  fulcrum,  would  be  a  poor  substitute  for  a  light 
iron  scale-beam  with  knife-edge  pivots.  Weighing  what  a  turbine 
will  pull,  means  the  same  as  what  groceries  weigh,  and  needs  the 
same  perfection  of  weighing  apparatus  to  do  it  well.  The  plan, 
when  used  by  Mr.  Boy  den,  was  up  to  his  time,  perhaps,  but  a  gene- 
ration has  since  passed  away,  and  vast  improvements  in  almost  every 
mechanical  device  have  been  made  in  the  time,  and  practical  engi-i 
neers  accept  the  improvements  in  turbine  testing,  as  in  other  matters ; 
but  the  machine  engineer  turns  back  to  the  oak  brake  and  many 
decimals  as  anxiously  as  a  duck  takes  to  water.  Turbine  building 
is  not  a  science,  nor  is  it  likely  to  be,  until  reputable  builders,  who 
would  willingly  test  wheels  before  delivery,  are  protected  from 
ruinous  competition  by  the  ignorant  and  irresponsible,  who  promise 
so  readily,  caring  little  about  the  efficiency  of  their  wheels  so  long 
as  they  sell.  To  test  each  wheel  before  delivery  would  necessitate 
its  being  done  quickly  and  cheaply,  which  would  be  impossible  with 
the  Boyden-Francis  apparatus,  nor  would  it  be  possible  under  any 
conditions  with  such  an  apparatus  to  make  such  tests  as  were  easily 
taken  to  determine  the  effect  of  flanged  cylinder  gate  and  flaring 
draft  tube,  recorded  in  the  report  of  Hydrodynamio  Experiments. 

Engineers. 

Of  the  hundreds  of  young  men  who  yearly  graduate  from  our 
educational  institutions,  how  few  of  them  are  ever  likely  to  reflect 
credit  upon  the  name,  simply  because  nature  never  intended  them 
for  the  business.  The  term  is  derived  from  the  word  ingenuity ; 
geniuses  are  not  the  product  of  schoals,  but  of  birth.  No  education 
will  ever  produce  an  engineer  or  mechanic,  though  it  may  machines. 
No  mere  aptitude  for  mathemAtics  will  make  up  for  lack  of  fertility 
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in  expedients  80  often  demanded.  An  engineer  should  have  inge- 
nuity»  sound  judgment,  and  decision  of  character  for  emergencies. 
Without  such  characteristics  no  one  will  ever  make  a  permanent  rep- 
utation as  an  engineer.  The  calling  has  received  the  most  of  its 
renown  from  those  who  made  no  pretense  of  being  engineers. 
Watt,  Fulton,  Stevenson,  and  others  of  the  kind,  were  only  con- 
sidered engineers  after  their  reputation  had  been  made.  Our  yellow- 
plush  propensity  to  accept  heroes  at  their  own  estimate,  if  they  only 
shout  loud  enough,  has  much  to  do  with  the  continuance  of  un- 
founded pretensions.  Many  will  remember  the  shout  that  went  up  at 
the  debut  of  the  Monitor.  "Form  a  national  society  of  engineers, 
and  place  John  Erricsson  at  the  head,"  was  the  cry.  Had  the 
Monitor  encountered  a  storm  on  her  passage  out,  as  she  did  when 
she  became  the  coffin  for  a  hundred  men,  how  different  the  result. 
For  years  previous,  Mr.  Erricsson  had  been  the  laughing  stock  of 
the  country,  and  his  achievements,  before  and  since,  indicate  that, 
though  he  may  have  some  original  ideas,  he  lacks  the  judgment 
necessary  to  make  them  safely  useful. 

Of  our  many  engineers,  we  doubtless  have  those  who,  if  favored 
with  opportunities,  would  deservedly  become  noted ;  but  the  terri- 
ble disasters  of  the  past  few  years,  caused  by  the  destruction  of 
dams  and  bridges,  would  hardly  indicate  that  the  best  have  been 
employed  in  the  most  responsible  positions. 

It  is  not  my  purpose  to  write  of  engineers  in  general,  but  of  those 
who  are  called,  or  who  call  themselves,  hydraulic  engineers ;  of 
this  class  J.  B.  Francis  has  long  stood  at  the  head,  so  far  as  the  call- 
ing relates  to  milling  matters.  For  many  years  Mr.  Francis  has 
had  charge  of  all  the  property  of  the  Lowell  Water  Power  Co., 
and  general  supervision  of  from  twenty  to  forty  large  mills.  He 
is  thoroughly  versed  in  all  of  the  theories,  but  it  would  be  absurd 
to  suppose  he  has  had  much  time  to  devote  to  the  details  that 
make  up  the  supposed  knowledge  of  a  hydrodynamic  engpineer. 
The  continued  use  of  poor  turbines,  when  those  much  better  could 
be  had  at  one-half  the  cost  of  those  used,  prove  plainly  that  he 
knows  but  little  of  the  common  characteristics  of  the  ordinary  tur- 
bine. The  Francis  weir  formula  is  excellent,  but  I  have  had  very 
disagreeable  reasons  for  doubting  whether  he,  or  any  of  the  so- 
called  hydraulic  engineers,  realize  how  slight  a  change  in  proportion 
of  pit  renders  the  formula  worthless. 

H.  F.  Mills  of  Lawrence,  Mass.,  has  experimented  much,  and,  in 
my  opinion,  is  as  good  an  engineer  of  the  class  as  can  be  found ;  but 
he  travels  in  a  fixed  groove.  That  he  measures  the  water  used  by 
the  mills  there  as  accurately  as  may  be  done  by  the  machine  meth- 
ods, I  have  no  doubt ;  nor  any  doubt  that  it  might  be  done  still  more 
accurately  by  simpler  plans,  at  one-tenth  of  the  cost  at  which  he 
does  it.  There  are  many  others  that  might  be  named,  but  they  are 
all  of  about  the  same  pattern — much  formula  relating  to  ancient 
theories,  but  with  little  practical  knowledge  of  the  requirements 
necessary  to  make  manufacturing  profitable  under  the  sharp  compet- 
itive conditions  of  to-day.  Economy  seems  to  be  one  of  the  lost 
arts  with  the  whole  class,  but  the  following  cross-examination  of 
one  of  them  will  speak  for  itself : 
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"EMINENT  HYDRAULIC  ENGINEER." 

The  announcement  may  often  be  seen  in  the  papers  that  John 
Smith,  the  eminent  hydraulic  engineer,  has  been  called  in  to  exam- 
ine some  prospective  water  power,  mill,  reservoir,  dam,  embank- 
ment or  some  milling  matter  of  interest.  Civil  engineering  seems 
to  cover  canal,  mill,  reservoir  and  dam  building,  so  it  is  reasonable 
to  suppose  Mr.  Smith,  as  a  hydraulic  engineer,  has  been  called  in 
to  advise  about  the  use  of  water  power  or  its  transmission.  And 
that  those  interested  may  banish  future  anxiety,  should  Mr.  Smith 
report  favorably,  we  will  put  him  on  the  stand  for  examination.  If 
the  reader  thinks  some  other  engineer  more  eminent  than  Mr.  Smith, 
No !  well,  then,  Mr.  Smith  will  you  please  take  the  stand. 

Mr.  Smith,  what  is  your  iige? 

Ans.    Fifty-seven  years. 

What  is  your  occupation  or  profession? 

Ans.     Hydraulic  engineering. 

How  long  have  you  followed  that  business? 

Ans.  I  served  seven  years  apprenticeship  and  have  followed  the 
business  thirty  years. 

You  are  thoroughly  informed  in  all  the  minutia  of  the  business? 

Ans.     (Modestly)  I  believe  I  have  the  credit  of  being  so. 

You  understand  water  power  and  the  various  means  used  for  its 
transmission  and  application  to  drive  machinery? 

Ans.    I  think  I  do,  thoroughly. 

You  also  understand  the  various  methods  used  for  measuring 
water  used  to  drive  machinery? 

Ans.    I  do. 

Name  the  various  methods  with  which  you  are  familiar. 

Ans.    The  weir,  aperture,  floats  and  current  metre. 

You  are  often  called  upon  by  mill  owners  to  measure  water? 

Ans.     Quite  often. 

Which  of  the  methods  named  do  you  consider  best? 

Ans.     Well,  where  it  is  convenient,  the  weir. 

Have  you  ever  personally  verified  measurements  made  by  either 
methods,  so  ad  to  be  able  to  vouch  for  their  accuracy? 

Ans.    W-e-1-1 — N-o,  not  personally. 

Suppose  the  flume  leading  to  a  wheel  to  be  so  large  that  the  water 
flows,  say,  one-half  foot  per  second,  would  not  the  slip  with  a  cur- 
rent metre  be  so  great  as  to  leave  little  chance  for  accuracy? 

Ans.     W-e-1-1 — it  might. 

Do  you,  of  your  own  knowledge,  know  that  accurate  measurements 
of  water  can  be  made  with  a  current  metre  under  any  conditions  ? 

Ans.     No. 

In  measuring  with  floats,  do  you  make  an  allowance  for  the  aver- 
age instead  of  apparent  velocity?    If  so,  how  much? 

Ans,     I  make  an  allowance  of  20  per  cent. 

Is  20  per  cent,  fixed  upon  as  a  matter  of  judgment  or  positive 
knowledge? 

Ans.  W-e-1-1 — that  is  the  allowance  generally  made  with  float 
measurements. 

Then  float  and  current  metre  measurements  have  considerable 
guess  work  about  them? 
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Ans.  W-e-1-1 — ^under  favorable  conditions  theymay  approximato. 

Can  you  personally  Touch  for  the  accuracy  of  aperture  measure- 
ments? 

Ans,     W-e-l-l—N-o. 

Do  you  know  the  least  possible  cross  section  of  streaim  in  meas- 
uring pit  in  proportion  to  the  flow  on  the  weir  that  will  give  correct 
measurement? 

Ans,     I  do  not. 

Suppose  the  pit  to  be  fourteen  feet  wide,  with  vertical  sides ;  place 
a  weir  across,  with  end  contractions,  depth  below  the  crest  four  feet, 
length  of  weir  ten  feet ;  then  further  down  stream  have  another  weir 
exactly  the  same,  except  the  depth  below  the  crest  to  be  two  feet ; 
let  the  discharge  from  the  mill  flow  over  both  weirs,  would  the  depth 
on  each  show  the  same,  supposing  the  discharge  to  be  fifty  feet  per 
second? 

Ans.    W-e-1-1 — r-e-a-1-l-y — I — ^well,  I  don*t  know.    . 

Suppose  the  end  contractions  to  be  removed,  what  allowance 
would  be  necessary  to  deduct  from  the  width  to  correct  for  the  fric- 
tion of  the  flowing  water  upon  the  rough  side  walls? 

Ans.     Well,  something ;  I  don't  know  just  how  much. 

You  have  had  experience  with  all  of  the  water  wheels  in  use  from 
the  old  undershot  to  the  modern  turbine? 

Ans,    Constant  experience  for  more  than  thirty  years. 

You  often  advise  manufacturers  as  to  the  best  kind  for  use? 

Ans.    Very  often. 

You  understand  the  principle  of  each? 

Ans.     I  think  so,  thoroughly. 

The  undershot  is  designed  for  low  heads,  is  it  not? 

Ans .     It  is. 

Which  is  the  most  eflicient,  undershot  or  breast  wheel? 

Ans.     Oh,  breast  wheel,  by  all  means. 

Do  you  mean  to  say  that  for  one  foot  head,  a  breast  wheel  would 
do  better  than  an  undershot? 

Ans.     Oh — w-e-1-1 — for  one  foot — well,  I  don't  know. 

What  is  the  maximum  useful  eflect  of  an  undershot  wheel? 

Ans.     I  don't  know. 

What  is  the  exact  relative  velocity  for  an  undesrhot  wheel? 

Ans.     I  don't  know. 

Have  you  had  much  to  do  with  breast  and  overshot  wheels? 

Ans.     Yes,  indeed,  very  much. 

Which  is  best? 

Ans.     W-e-1-1 — some  think  the  breast,  others  the  overshot. 

Never  mind  what  others  think.     What  do  you  know? 

Ans,     W-e-1-1 — I  never  tested  either,  but  I  think — 

Don't  want  to  know  what  you  think.     Do  you  know? 

Ans.     No. 

What  is  the  proper  velocity  for  the  periphery  of  either? 

Ans.  W-e-1-1 — some  say  five  feet  per  second ;  from  five  to  eight 
feet  per  second  is  probably  the — 

Don't  want  any  probably.     Do  vou  know? 

Ans.     No. 
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What  ifl  the  maximum  useful  effect  a  breast  wheel  will  give? 

Ans.    W-e-1-1 — I  hare  read  of  76. 

Don't  care  anything  about  what  you  hare  read.     Do  you  know? 

Ans.    No. 

Do  you  know  any  better  about  the  orerf hot? 

Ans,    No. 

Mr.  Smith,  you  are  well  informed  as  to  turbine  wheels? 

Ans.     Certainly;  intimately  so. 

Which  is  the  best  discharge  for  a  turbine— *inward,  outward  or 
downward? 

Ans.    W-e-1-1 — there  are  many  opinions  about  that. 

Wasn't  asking  about  opinions,  but  about  what  you  know. 

Ans»  Well,  the  Boyden  turbine  is  outward  discharge,  and  I  be- 
lieve that — 

Don't  want  to  know  about  what  you  believe.    Do  you  know? 

Ans.  Well,  every  body  knows  the  Boyden  has  given  the  highest 
useful  effect. 

Don't  care  for  what  every  body  knows.    Do  you  know? 

An^s.    Well,  I  know  Mr.  Boyden  reported — 

Did  you  0  ^  test  a  Boyden  wheel? 

An>s.    No. 

Did  you  trer  know  of  a  disinterested  engineer  testing  one  who 
reported  remarkably  high  efficiency? 

Ans,    W-e-1-1 — ^no. 

Did  you  ever  know  of  a  Boyden  wheel  being  used  where  the  water 
supply  was  insufficient  for  over  half  gate,  or  half  of  whole  gate  dis- 
charge, several  months  of  the  year,  that  gave  satisfaction? 

Ans.    W-e-1-1 — ^no— perhaps  not. 

Have  you  taken  pains  to  ascertain  whether  there  are  other  tur- 
bines that  are  better  than  the  Boyden? 

Ans.    No,  for  I  don't  believe  there  are  such. 

Please  give  your  reasons  for  such  belief. 

Ans.    W-e-1-1 — ^I — well — oh,  cause  I  don't  believe  it. 

So  you  have  never  taken  pains  to  ascertain  the  real  efficiency  of 
the  many  other  kinds  of  turbines? 

Ans.    No. 

What  is  the  proper  relative  velocity  of  the  turbine  with  the  water 
that  drives  it? 

Ans.    I  don't  know. 

How  do  you  know  what  proportional  gears  to  use  to  connect  tur- 
bine with  the  machinery  to  be  driven? 

Ans.    Oh,  I  gear  according  to  the  table  representing  wheel. 

What,  when  you  know  nothing  certainly  of  the  wheel? 

Ans.    W-e-1-1 — ^yes — ^there  is  no  other  means  of  doiUg  it. 

Are  all  turbines  of  the  same  make  of  the  same  efficiency? 

Ans,    Certainly,  or,  at  least,  I  suppose  so. 

You  never  have  been  to  see  such  wheels  tested  in  order  to  learn 
their  peculiarities? 

Ans.    No,  not  I. 

And  why  not?  Has  it  not  been  your  duty  to  do  so  before  advis- 
ing manu&cturers  in  such  matters? 
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Ans.    Well,  I  ha^e  no  faith  in  the  testing  that  has  heen  done. 

Why  not?    Have  you  any  real  cause  for  doubt? 

Ans,  Well,  many  wheels  have  been  reported  as  giving  better 
results  than  is  claimed  for  the  Boyden,  and — well,  I  don't  believe  it 
at  all. 

Do  you,  of  your  own  knowledge,  know  that  there  are  not  fifty 
kinds  of  turbines  better  than  the  Boy  den? 

Ans.     Oh,  of  course  I  know  there  are  not. 

Do  you  solemnly  swear  that  you  know  there  are  not? 

Ans.  Oh,  well,  perhaps  I  can  not  swear  that  I  know,  but  then 
you  know  I — 

Please  remember  you  are  under  oath.  Do  you  mean  to  be  under- 
stood that,  of  your  own  knowledge,  you  know  anything  about  the 
matter? 

Ans.    Well,  perhaps  not ;  but  I  know  what  I  think. 

Quite  likely,  but  that  is  not  important. 

Are  you  aware  that  the  turbine  will  do  considerable  work  while 
running  at  a  greater  velocity  than  the  water  that  drives  it? 

Ans.    I  have  heard  so,  but  do  not  know  it  to  be  so. 

Supposing  it  to  be  so,  can  you  account  for  its  so  doing? 

Ans,    I  can  not  account  for  it. 

What  is  the  proper  shape  for  a  turbine  bucket,  and  in  what  direc- 
tion should  it  project  from  the  center  of  the  wheel? 

Ans.     Oh,  there  are  many  opinions ;  I  don't  know.- 

Please  give  the  exact  positions  for  the  chutes  to  stand. 

Ans.     Oh,  each  builder  suits  himself;  I  don't  know. 

Which  should  have  the  largest  openings,  the  chutes  or  buckets? 

Ans.  Some  builders  think  the  chutes,  others  the  buckets ;  I  don't 
know. 

Why  is  it  that  two  wheels,  built  exactly  alike,  placed  in  the  same 
pit  side  by  side — in  one  the  step  burns  down  every  month,  in  the 
other  never? 

An>s.     I  don't  know. 

Which  is  best  for  buckets,  sheet  iron,  sheet  steel,  bronze  or  cast 
iron. 

Ans.    I  don't  know. 

In  all  parts  of  the  country  water  powers  of  any  size  are  owned 
by  several  parties.  Do  you  know  of  any  means  for  dividing  the  water 
so  that  each  may  have  his  proper  share,  whether  the  supply  is  much 
or  little? 

Ans,     I  do  not  know  of  any  means  for  such  division. 

Does  a  turbine,  having  a  draft  tube  for  part  of  the  fall,  do  as  well 
as  one  set  in  the  tail  water? 

Ans.    I  don't  know. 

Have  you  taken  no  pains  to  ascertain  ? 

Ans.     Well — no. 

What  is  the  proper  diameter  for  draft  tube  for  a  given  discharge? 

Ans.    I  don't  know. 

Suppose  a  draft  tube  to  lead  down  stream  at  an  angle  of  forty- 
five  degrees,  or  still  nearer  a  horizontal  line,  what  would  be  the 
effect? 
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Ans.    I  suppose  they  would  do  well ;  I  don't  know. 

Which  transmits  power  with  the  least  loss,  belts  or  gears  ? 

-4715.    Oh,  belts,  I  think,  decidedly. 

Do  you  know  anything  about  it  positively  ? 

Ans.    No. 

Which  causes  the  greatest  loss,  bevel  or  spur  gears  ? 

Ans,    Oh,  bevel,  by  all  means  j  at  least  I  think  so. 

Do  you  know  1 

Ans.    W-e-l-l — no. 

Have  you  ever  taken  any  pains  to  ascertain  the  loss,  if  there  is 
any,  caused  by  the  use  of  belts,  gears,  or  draft  tubes  ? 

Ans.  W-e-l-l — ^no,  not  personally. 

Mr.  Smith,  will  you  be  so  kind  as  to  state  what  knowledge  about 
hydrodynamics  is  actually  necessary  to  entitle  a  person  to  be  con- 
sidered an  eminent  hydraulic  engineer  ? 

Ans.  Oh,  well — he  must  know  all  about  water  power  and  mills 
and  things. 

Certainly,  but  please  give  particulars. 

Ans.    Oh — ^well — ^he  must  know —  why,  he  must  know  all  about  it. 

Well,  Mr.  Smith,  that  will  do  for  the  present. 

"  OVER -EDUCATION. 

*'  Like  over-production,  our  caption  is  in  some  senses  a  misnomer, 
for  no  one  can  be  over-educated  in  the  true  development  of  his  best 
faculties  for  worthy  ends.  But  there  is  a  great  deal  of  school  and 
college  education  that  is  aimless,  disproportionate,  and  cumbersome 
There  are  too  many  mediocre  professional  men,  lawyers,  doctors, 
ministers,  school  teachers,  writers ;  few  skilled  artisans,  farmers, 
gardeners,  intelligent  laborers  technically  educated  for  various 
spheres  that  are  fimdamental  to  well-ordered  society.  Society  is 
top-heavy,  with  too  much  top  and  too  little  bottom.  There  is  too 
much  high-school  dabbling  that  is  not  thorough  enough  for  mental 
gymnastics,  nor  practical  enough  for  the  utilitarian  necessities  of 
those  who  must  graduate  into  the  hard  work  of  the  common  and 
laboriouts  pursuits  which  ballast  society.  The  great  law  will  assert 
itself,  and  all  true  education  must  lay  its  account  with  it,  that  by  the 
sweat  of  the  brow  we  must  eat  our  bread.  That  is  not  good  Amer- 
ican education  which  would  spoil  a  farmer's  boy  for  the  old  home- 
stead, or  the  farmer's  girl  for  housekeeping.  There  is  too  large  a 
crowd  of  unfit  female  school  teachers.  There  are  too  many  useless, 
third-rate  lawyers  hankering  after  office ;  too  many  goodish  minis- 
ters, unskilled  doctors,  ignorant  apothecaries  and  engineers.  Hence 
there  are  multitudes  of  our  boys  and  girls  who  are  over-educated, 
in  the  sense  that  they  are  unfitted  by  an  aimless  and  merely  bookish 
education  for  any  patient  and  earnest  life-work  which  will  utilize 
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them  as  producers,  and  develop  their  individuality  into  the  manly 
or  womanly  consummation  of  a  stanch  character  and  a  robust  and 
useful  Ufe." 

Our  common  school  system  is  at  fault  for  this.  What  would  be 
thought  of  the  person  who  should  treat  everything  growing  upon 
his  farm  with  the  same  care— planting  beans,  strawberries,  cabbages, 
onions,  wheat,  weeds,  and  pumpkins  all  in  the  same  way ;  plowing 
a  little  here,  digging  a  little  there,  going  over  much  surface — none 
deep  ?  Would  not  the  results  resemble  the  product  of  our  schools — 
a  smattering  of  everything,  a  real  knowledge  of  nothing  1  every 
graduate  rushing  for  the  position  of  major-general — ^not  one  willing 
to  accept  that  of  private  ?  Is  it  not  evident  that  the  system  is  pro- 
ductive of  the  idea  that  honest  labor  is  degrading  ?  that  the  proper 
aim  for  the  young  man  is  office  or  a  profession ;  for  the  young  woman, 
wealthy  marriage  ?  Under  its  influence,  are  our  Presidents,  members 
of  Congress  and  Legislatures,  and  officials  in  general,  selected  from 
the  first  or  even  second  class  minds  of  the  country  ?  Will  our  officers 
or  teachers,  male  or  female,  compare  favorably,  intellectually,  with 
our  native  mechanics  ?  Pay  high  salaries,  and  get  the  best !  is  the 
constant  shriek  of  the  office-holder  and  teacher — ^which  means,  get 
those  who  will  shriek  loudest  for  more  pay  and  less  labor.  Of  all 
the  trashy  ideas  prevalent,  there  is  none  more  shallow  than  the 
pretense  that  high  salaries  insure  the  best  services.    High  salaries 

to  the  few  means  degradation  to  the  many — really  a  relic  of  barba- 
rism— ^the  feudal  lord  and  subjected  serf.    Salaries  so  high  as  to  be 
desirable  in  themselves  are  far  more  likely  to  be  obtained  by  the 
unscrupulous  pretender  than  the  worthy  proficient,  as  is  patent  to 
every  one  having  any  knowledge  of  the  way  the  offices  throughout 
the  country  are  filled.     I  hope  and  think  the  time  will  come  when 
our  school  system  will  limit  the  studies  to  the  common  English 
branches,  and  in  those,  give  every  child  in  the  country  a  thorough 
course,  leaving  those  desiring  a  higher  education  to  obtain  it  at 
their  own  expense  as  a  luxury — a  real  luxury — ^to  the  proper 
minds,  but  unappreciated  by  the  multitude.    Even  were  it  possible 
to  give  every  child  a  thorough  education,  gratuitously,  in  all  the 
studies  now  merely  skimmed  over,  it  would  be  a  matter  of  very 
doubtful  utility.     Possessions  are  valued  somewhat  in  proportion 
to  tbeir  difficulty  of  attainment ;  inherited  property  is  seldom  valued 
like  that  earned  by  years  of  hard  labor.    It  can  hardly  dignify  the 
high  educational  system  to  have  the  brilliant  valedictorian  wait  idly 
for  a  year  or  two  for  something  grand  to  turn  up  and  then  settle 
down  as  keeper  of  a  peanut  stand.    Limiting  the  education  at  the 
public  expense  to  the  branches  named  will,  I  believe,  produce  a 
higher  civilization  than  the  present  trashy  method — less  of  the 
professional,  more  of  the  practical;  better  mechanics,  farmei*s, 
engineers,  doctors,  teachers,  fathers,  mothers,  and  wives. 


47 
School  Srstem. 


II 

1 

IJ 


ii  iili 

ml  hi  ill 
if  iiiii 

ii!  I  iiiii  iili 

I  i 
ii 


III  ■ 


I 


50 
THE  EMEB80N  POWER  SCALE. 

To  produce  the  perfect  instrament  herewith  illustrated  has 
required  perhaps  a  hundred  plans  and  changes,  made  at  a  cost  of 
some  ^30,000,  and  a  quarter  of  a  century  in  time. 

Each  size  is  graduated  upon  a  circle  of  a  given  number  of  feet, 
and  the  revolutions  per  minute  must  be  multiplied  bv  that  number 
in  computing  the  results  of  trial. 

As  these  scales  are  all  constructed  upon  the  same  principle  as 
the  ordinary  platform  scales,  and  are  common  in  the  best  mills,  it 
is  unnecessary  to  describe  them  here. 

The  illustrations  represent  the  perfected  scale,  which  weighs  after 
connection,  let  the  shaft  run  either  way  ;  also  the  register  counter. 

The  ability  to  weigh  when  the  shaft  is  running  in  either  direction  is 
made  practicable  by  the  use  of  the  double  connections  1 1  to  the 
bell  crank  levers  K  K,  the  connections  1 1  being  slotted  at  connect- 
ing point  as  shown  in  Fig.  3. 

The  register  counter  shown  in  Fig.  1  consists  of  worm  M  on 
shaft,  into  which  works  gear  N  having  a  hundred  teeth,  and  the 
head  of  pendulum  B,  which  forms  a  shield  over  nine-tenths  of  the 
ratchet  gear  A  back  of  shield. 

The  pendulum  B  raises  one-tenth  of  a  circle,  the  ratchet  gear  has 
one  hundred  teeth,  and  if  the  weight  was  always  at  the  maximum, 
say  100  pounds,  the  hook  C  would  rotate  the  ratchet  gear  at  every  ten 
movements,  but  as  the  weight  constantly  varies,  often  from  zero  to 
the  maximum,  the  shield  prevents  the  hook  C  from  carrying  the 
ratchet  gear  any  more  than  due  the  weight  at  each  movement. 

As  it  requires  ten  operations  of  the  hook  C  to  cause  a  complete 
rotation  of  the  ratchet  A,  supposing  the  weight  to  be  at  its  maxi- 
mum, a  cipher  must  invariably  be  added  to  the  registered  figures 
shown  on  the  register  H,  as  976  must  read  9760. 

To  get  the  real  revolutions  of  the  shaft,  two  ciphers  must  be  added 
to  the  registered  figures  on  register  I,  as  the  12035  must  read 
1203600,  which  divide  by  the  number  of  minutes  in  the  run,  say 
for  a  week  of  sixty  hours,  or  3600  minutes,  as  follows  :— 

Maximum  graduation  of  quadrant,  100  pounds ;  registered  figures 
as  shown,  976 ;  add  cipher,  9760 ;  registered  figures  on  register  I, 
12035 ;  divide  the  figures  of  register  H  by  those  of  register  1, 9760  -5- 
12035  =  .81  as  the  average  weight  during  the  sixty  hours'  trial. 

Now  to  obtain  revolutions  per  minute  take  12035,  add  two 
ciphers,  1203600  -f  3600  =  334.3  revolutions  per  minute,  multiplied 
l>y,  say,  graduation  of  No.  3  scale,  6  ft.  =  2006  ft.  X  81  pounds= 
162486  ft.  pounds  -r  33000  =  4.92  h.p. 

For  information  about  the  scale  inquire  of  the  manufacturers, 

EMERSON  POWER  SCALE  CO. 

Flobence,  Mass. 
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THE  COTTON  KILL  SCALE. 
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Water  Ueasorements. 

The  Ui^  of  m  pncOciU  kaoirtodga  of  hydr»DUo«  k  mneMon  tlnce  csiued  ■ 
looKllcii  Id  coDIncn  purluiiiDS  to  millloB  matte™  thit  Jim  been  6™"="" 
DCCHUTT  to  aluuw  »l  the  methods  »dopled  bj  the  T»rloiu  W«ter  rower 
CompuuM  of  (ho  conniry  (or  drtenniiiiiig  tlie  qomHty  of  '"«i'*";f '  "  F""^ 

eiperti  in  SMh  natten ;  it  »ould  Mem  IhaUhc  STenigB  boy .  ten  jca«  of  Bg^^^^ 
hM  eTorpUjed  wilh  toy  water  wheels  woqld  be  able  fo  proyide  iometliiiig  more 
definite  thmn  the  Oiwego  plin.  One  ireat  CRUie  for  the  loosenesBin  conu»™  rnw 
been  the  difference  between  the  acluiTiind  thcorolical  diachar(!0  of  wiler  through 
imipertuteofinrHiieoiidera  gLvcn  ho»d.  The  difference  ii  on  Tonde«Io<-i 
now^FHTeryfew.  There  are  turbine  builders  who  ''.''PP''"*^*^".?^,- ™i"„ 
-  »nlltjlheoi     ■     ■■     •        •      -T..!-  .k ii.n„ 


ehuve  abant  tX  cnhic  feet  per  second ;  bat  with  a  proper  Bub  of  the  spertnTs 
(as  in  FliF.  3.)  tbe  discharge  will  be  abnnt  10^  cubic  fei-t  per  second,  and  tlie 
same  reUtire  pcrc  ntage  for  other  heftds.  An  eiaminition  of  the  problems 
demonatrated  (n  Evan-'^"  Work  on  Hilling,  HydraulicB.  &c.,"  published  u  late 
la  IMS,  will  show  that  this  important  diacrence  was  not  Uken  Into  conslderaUon 
in  preparing  a  work  that  was  to  be  oBered  lathe  public  aa  a  gnlde  Iniacli  mat' 
ters.  The  following  eitmct  from  tl>t  Work,  pige  »»,  is  riven,  however,  to  show 
that  the  pQblisher  wtd  an  Impressiou  that  there  was  a  differehce. 


2.    The  friction  of^an  apertnre  otaqr  regular  or  irregular  BtfiU'e  is  aa  the 
length  of  the  sum  of  the  clrcunisciiblng  lines,  nearly  i  the  quantities  being  as  the 
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3.  The  less  the  head  or  pressure,  and  the  larger  the  aperture,  the  less  the 
ratio  of  the  friction ;  therefore, 

4.  This  friction  need  not  be  much  regarded,  in  the  large  openings  or 
aiiertures  of  undershot  mills,  where  the  jgates  are  from  2  to  15  inches  in 
their  shortest  sides ;  but  it  very  sensibly  anects  the  small  ajpertures  of  high 
overshot  or  undershot  mills,  with  great  heads,  where  their  shortest  sides 
are  from  flve-tenths  of  an  inch  to  two  inches. 

Tliis' seems  to  be  proved  by  Smeaton,in  his  experiments;  (see  table.  Art.  67;)  where, 
when  the  bead  was  88  inches,  the  sloioe  small,  drawn  only  to  tbe  first  hole,  the  velocity 
was  only  snch  as  is  assigned  by  theory  to  a  head  of  15.85  inches,  which  he  calls  viitual 
head.  But  when  the  slnice  wbs  larger,  drawn  to  tbe  sixth  hole,  and  head  6  inches,  the 
virtual  head  was  5.88  inches.  But  seeing  there  is  no  theorem  yet  discoverd  by  which  we 
can  truly  determine  the  quantity  or  effect  of  the  friction  according  to  the  size  of  the  aoer- 
tnre  ana  height  of  the  head,  we  cannot,  therefore,  by  the  established  laws  of  hyuro- 
Btatics.  detennine  exactly  the  velocity  or  quantity  expended  througli  any  small  aperture ; 
which  renders  the  theory  in  these  cases  but  little  better  than  conjecture. 


ANCIENT  AUTHORITIES  IN  H¥DBAUIIC  GASES  IN 

LITIGATION. 

In  milling  cases  on  trial,  old  English  or  American  works  are 
brought  in  as  authority.  These  a  half  century  since  were  useful 
because  there  was  nothing  better,  but  a  revolution  has  taken  place 
in  such  matters  and  there  is  now  no  difficulty  in  elucidating  any 
matter  pertaining  to  milling  hydrodynamics  so  as  to  leave  no  just 
cause  for  dispute. 

Oliver  Evans  has  perhaps  been  considered  the  best  milling  au- 
thority up  to  1860,  but  he  simply  copied  the  most  of  liis  ideas  from 
old  English  works.  His  ideas  of  spouting  fluids,  article  56,  show 
beyond  chance  for  dispute  that  neither  he  nor  his  authorities  knew 
anything  about  the  law  governing  such  spouting  or  the  discharge 
through  apertures. 

It  is  now  positively  known  that  all  apertures,  large  or  small,  round 
or  square,  discharge  about  60  per  cent,  of  the  theoretical  quantity 
due  the  opening,  if  the  aperture  is  cut  squarely  through  the  plank, 
leaving  sharp  corners,  as  shown  fig.  1st,  opposite  page. 

The  following  note,  copied  from  page  114  of  his  book,  shows  how 

little  reliance  can  be  placed  in  his  authorities : — 

"  After  having  published  the  first  edition  of  this  work,  I  have  been  in- 
fonned,  that,  by  accurate  exx)eriments  made  at  the  expense  of  the  British 
government,  it  was  ascertained  that  the  power  produced  by  40,000  cubic 
feet  of  water  descending  1  foot  will  grind  and  bolt  1  bushel  of  wheat.  If 
this  be  erne,  then  to  find  the  quantity  that  any  stream  will  grind  per  hour, 
multiply  the  cubic  feet  of  water  that  it  affords  per  hour,  by  the  virtual  de- 
scent, (that  is,  half  of  the  head  above  the  wheel  added  to  the  fall  after  it 
enters  an  overshot  wheel,)  and  divide  that  product  by  40,000,  and  the  quo- 
tient is  the  answer  in  bushels  per  hour  that  the  stream  will  grind." 

It  certainly  should  do  so,  for  40,000  cubic  feet  of  water  falling  one 
foot  evolves  75.6  h.  p.  Quite  likely  some  essential  feature  of  the 
experiment  is  left  out  so  that  the  statement  is  worthless,  as  is  in- 
variably the  case  with  their  reports. 

For,  owing  to  their  want  ol  knowledge  in  such  matters,  they  failed 
to  give  the  necessary  data  to  make  their  statements  useful;  for 
instance,  in  mentioning  the  discharge  of  water  through  apertures, 
they  don't  describe  the  form  of  the  apertures,  yet,  as  may  be  seen 
by  the  diagrams  opposite,  the  discharge  may  be  made  to  vary 
through  the  same  sized  aperture  more  than  fifty  per  cent. 
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From  personal  acquaintance  with  tnrbine  builders  and  their  ways 
It  has  seemed  doubtful  to  me  whether  any  work  published  previous 
to  the  commencement  of  the  testing  system  in  1869  has,  except  in  a 
negative  way,  been  of  any  help  towards  the  improvement  of  the 
turbine  or  knowledge  of  milling  hydrodynamics. 

To  ascertain  whether  the  opinion  was  well  or  ill  founded,  the 
following  letter  was  sent  to  John  B.  McCormick,  who,  through 
personal  predilection,  perseverance  and  unequaled  opportunity  for 
experimenting,  unquestionably  stands  imrivaled  in  the  knowledge  of 
turbine  construction. 

WUlimanseU,  Mass.,  Feb.  27, 1892. 
John  B,  McCormick,  Holyoke,  Mass. 

Dear  Sir : — Believing  that  the  continued  use  of  old  text  books  as 
authority  in  matters  pertaining  to  hydrodynamics  ha^s  a  tendency 
to  cause  the  production  of  an  inferior  class  of  engineers^  I  would 
ask  whether,  except  to  avoid  their  errors,  you  have  been  aided  in  your 
turbine  improvements  by  any  hydraulic  work  published  precious  to 
the  publication  of  tests  in  1869. 

Yours  truly, 

JAMES  EMERSON. 

BE  PLY. 

Holyoke,  Mass.,  March  1, 1892. 
.  James  Emerson,  Willimansett,  Mass. 

Dear  Sir : — Yours  of  the  21th  duly  received,  and  in  reply  vnll  say : 
The  o2d  text  books  have  not  been  beneficial  to  the  writer,  and  their 
teajchings    were   entirely  disregarded  in  the  production    of   the 
"  Hercules  "  and  other  wlieels  which  have  been  produced  and  per- 
fected stTice  by  the  undersigned. 

Yours  truly, 

JOHN  B.  Mccormick. 

But  the  worst  of  all  is  Haswell,  who  poses  as  universal  instructor 
for  the  present  time,  and  presents  a  hcish  of  old  theories  that  have 
been  out  of  date  for  a  generation  past,  seriously  describing  the  con- 
struction of  undershot,  overshot,  breast,  Poncelet,  Foumeyron, 
Boyden,  Jouval,  and  other  antique  water  wheels  that  have  as  little 
chance  for  future  use  as  has  the  old  stage  coach  of  a  half  century 
since. 

He  gives  the  possible  efficiency  of  the  overshot  at  84  per  cent., 
and  that  of  the  breast  wheel  at  93.  As  actual  trial  under  the  same 
conditions  proves  that  the  turbine  will  do  nearly  double  the  work 
that  can  be  done  with  the  breast  wheel,  it  may  safely  be  stated 
without  fear  of  successful  contradiction  that  the  breast  or  overshot 
wheel  was  never  made  that  could  exceed  67  per  cent,  useful  effect. 

Mr.  Haswell  asserts  that  large  turbines  give  a  higher  efficiency 
than  small  ones,  but  the  testing  of  twenty  years  proves  the  contrary 
to  be  the  case,  as  quite  likely  it  would  with  the  breast  and  overshot. 

Mr.  Hasweirs  mind  is  in  an  excellent  condition  to  receive  in- 
struction in  hydrodynamics. 

It  is  the  study  of  such  authorities  that  produce  such  depositions 
as  the  following : — 
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ETHAN  S.  REYNOLDS 

vs. 

INDIANA  PAPER  CO.  et  al. 

In  St.  Joseph  Circuit  Court,  ) 
State  of  Indiana.  ) 

Complaint  No.  2560. 

DejKJsitions  of  Mr.  Clemens  Herschel,  duly  sworn,  testifies  as 
follows : — 

Direct  Examination. 

Q.     You  may  state  your  name  and  residence  and  occupation  ? 

A.     Clemens  Herschel,  hydraulic  engineer,  at  Holyoke,  Mass. 

Q.  How  long  have  you  been  hydrauftc  engineer,  located  in  Hol- 
yoke? 

A.     I  have  been  here  since  April,  1880. 

Q.  How  long  have  you  been  practicing  your  profession  as  a 
hydraulic  engineer  ? 

A.    Twenty  odd  years. 

Q.     What  institutions  are  you  a  graduate  of? 

A.  I  am  a  graduate  of  the  Lawrence  Scientific  School,  Harvard 
University,  and  Polytechnic  School  of  Karlsruhe,  Germany. 

Q.  What  position  do  you  occupy  in  Holyoke  with  reference  to 
the  Holyoke  Water  Power  Co.? 

A.     I  am  their  hydraulic  engineer. 

Q.  Why  is  the  amount  of  discharge  different  under  different 
heads  ?    Will  you  explain  that  to  us  ? 

A.  That  is  because  it  is  an  impossibility  that  the  head,  acting 
on  the  wheel,  shall  ever  be  the  same  as  the  head  contained  in  the 
race,  and  the  allowance  for  that  difference  which  I  made  to  get  the 
water  off  and  on  the  wheel,  as  it  is  called,  is  one  foot,  that  being 
my  judgment,  and  also  being  a  usual  measurement,  and  contained 
in  a  great  many  leases  with  which  I  am  acquainted. 

Q.  I  understand  you  to  say,  as  an  engineer,  that  the  allowance 
of  one  foot  is  a  proper  allowance  to  make,  and  one  that  is  usually 
used  or  allowed  ? 

A.  It  is  both  a  proper  and  a  usual  one.  One  foot  off  of  six  feet 
is  a  difference  of  16f %,  one  foot  off  of  ten  feet  is  only  a  difference 
of  10% ;  that  is  a  reason  the  quantities  I  have  reached  vary  from 
2074  to  2156,  at  six  and  ten  feet  respectively. 

Q.  Would  measurements  of  the  depth  of  water  at  the  flume 
alone  indicate  the  head  ? 

A.     It  would  not. 

Cross  Examination  by  Mr.  Hubbard,  for  the  Plaintiff. 

Q.  Mr.  Herschel,  why  is  the  difference  between  16f %  off  for 
six  foot  head  and  10%  off  for  ten  foot  head  made  ? 

A.  Because  in  any  case,  this  per  cent,  represents  just  one  foot, 
and  one  foot  is  the  usual  and  customary  allowance,  and  the  proper 
one,  in  my  opinion,  and  the  one  that  obtains  in  actual  practice. 

Q.  Would  the  same  percentage  be  true  as  to  the  cubic  feet  dis- 
charged per  second  or  per  minute  under  the  same  head  ?  That  is, 
six  and  ten  feet  off,  16f %  and  10%  respectively  ? 
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A.    By  no  means. 

Q.  Please  explain  how  you  arrive  at  the  16f%  deduction  on 
account  of  a  difference  of  one  foot  between  the  actual  level  of  the 
water  in  the  canal  and  the  tail  race,  and  the  actual  level  between 
the  water  immediately  above  and  below  the  wheel  ? 

A.  That  percentage  is  arrived  at  only  in  the  case  of  a  six  foot 
head  being  the  total,  which  we  in  Holyoke  call  available  head.  The 
allowance  of  one  foot  is  made  to  get  the  water  to  and  off  the  wheel, 
and  one  which  is  customary  and  proper,  as  I  have  explained.  One 
foot  being  one-sixth  of  six,  it  results  in  reducing  the  head  available, 
in  order  to  get  the  head  acting  on  the  wheel,  by  one-sixth,  or  16f  % 
in  this  particular  case. 

Q.  Is  it  not  a  fact,  then,  that  if  the  mills  were  located  at,  say,  ten 
rods  distance  from  the  main  canal,  and  the  flumes  were  too  small  in 
proportion  to  the  amount  discharged  by  the  wheel  to  maintain  a  con- 
stant, or  nearly  so,  level  in  the  flume,  then  the  loss  of  head  might 
be  more  than  one  foot  ? 

A.  It  would  be,  under  those  circumstances,  more  than  one  foot. 
I  have  known  it  to  be  one  or  two  feet,  and  perhaps,  in  extreme  cases, 
four  feet.  I  arrived  at  the  figure,  one  foot,  from  reports  made 
to  me  by  Mr.  Smith  of  the  locality,  and  in  the  exercise  of  such  judg- 
ment as  I  have  in  these  matters. 

Q.  This  means,  then,  does  it,  in  short,  a  deduction  for  the  loss 
of  head  in  getting  the  water  to  the  wheel  depending  upon  the  dis- 
tance of  the  wheel  from  the  canal,  and  the  size  of  the  flume  and 
fore-bay  ? 

A.  It  depends  upon  that  and  other  facts.  The  construction  of 
what  is  called  the  rack,  in  front  of  the  fore-bay,  has  usually  quite  an 
effect  on  it,  the  size  of  the  flume,  and  whether  the  water  turns  at 
right  angles  or  not,  and  how  it  turns.  The  mere  length  of  the 
flume  and  tail  race  has  rather  a  minor  influence  than  some  other 
structures  and  circumstances  that  occur  in  these  cases. 

Q.  Then  you  include  in  addition  to  the  items  mentioned  in  my 
previous  questions  the  loss  of  head  by  the  means  of  the  tail  race  ? 

A.     Yes,  sir. 

Q.  And  you  arrive  at  this  from  statements  made  to  you  by  Mr. 
Smith  of  the  conditions  of  the  premises  of  the  Indiana  Paper  Co., 
in  September,  1888,  do  you  not  ? 

A.  Partly  so,  but  more  largely  from  my  judgment  as  to  the  pro- 
priety of  the  allowance  of  one  foot  from  such  loss  of  the  total  avail- 
able head,  in  order  to  get  the  head  acting  in  the  wheel,  which 
latter  is  the  head  which  gives  the  discharge  for  the  wheel. 

Q.    You  have  never  seen  the  premises  of  the  Indiana  Paper  Co.? 

A.    Never. 

Q.  Personally,  you  know  nothing  of  the  actual  construction  of 
the  head  and  tail  race  except  as  reported  by  others  ? 

A.  I  know  it  only  from  the  report  of  Mr.  Smith  and  others, 
and  also  from  my  judgment  of  what  such  structures  look  like  in 
the  Western  states. 

CLEMENS  HERSCHEL. 
HENRY  K.  HAWES, 

Notary  Ptiblic. 
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Had  I  not  heard  the  foregoing  deposition  read  in  court,  I  should 
have  been  slow  to  believe  that  any  one  claiming  to  be  an  engineer 
would  utter  such  stuff. 

The  slightest  acquaintance  with  water  powers  shows  that  all  vary 
in  head  more  or  less,  consequently  an  allowance  is  made  so  that  a 
tenant  shall  have  no  cause  for  action  if  the  head  drops  somewhat 
from  the  usual  height.  This  is  done  at  Holyoke ;  nineteen  feet  are 
deeded,  where  there  usually  are  twenty.  Mr.  Herschel  has  mistaken 
this  practice  for  safety,  as  the  rule  for  head  when  computing  the 
discharge  of  a  wheel. 

All  he  was  required  to  do  for  the  Indiana  Paper  Co.  was  to 
measure  the  apertures  of  the  several  wheels,  then  give  their  dis- 
charge for  given  heads,  say  three,  four,  live,  and  six  feet. 

His  success  as  engineer  while  at  Holyoke  hardly  warranted  his 
gratuitous  fling  at  Western  water  powers. 

There  are  many  dams  built  by  farmers  and  mechanics  at  the 
West,  that  such  engineers  as  Mr.  Herschel  would  find  it  difficult  to 
equal ;  the  one  at  South  Bend,  upon  which  the  Indiana  Paper  Co. 
is  located,  is  across  the  St.  Joseph  River,  the  bottom  of  which  is  so 
soft  that  the  dam  is  constantly  settling. 

It  was  testified  in  court  at  the  time  Mr.  Herschel's  deposition  was 
read,  that  the  year  before  a  part  of  the  dam  had  been  raised  eighteen 
inches  to  restore  it  to  its  original  height.  At  Mishawaka,  fifteen 
miles  east  of  South  Bend,  the  dam  was  built  by  a  farmer  and  is 
really  a  creditable  piece  of  engineering  for  a  professional  dam  build- 
er, as  are  many  other  dams  and  mill  arrangements  that  may  be 
found  West.  Their  worst  feature  is  that  they  are  nearly  all  over- 
worked. 
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Engineers  differ  much  in  opinion  as  to  the  proper  way  to  con- 
struct dams.  Stone  dams,  as  a  rule,  have  not  proved  so  safe  as 
one  would  naturally  expect ;  yet  with  proper  construction  and  suf- 
ficient material  such  dams  should  stand. 

That  pent  up  water  has  mighty  force  is  proved  by  the  vast  ravines 
and  notches  in  mountain  ranges  wherever  such  ranges  exist. 

I  have  had  occasion  to  admire  dams  built  of  the  boles  of  trees, 
the  butts  down  stream  packed  closely  and  bolted  one  upon  another 
from  bottom  to  the  top,  then  loaded  down  with  rocks  and  gravel. 
These  structures  are  often  built  upon  soft  mud  bottoms  or  quick- 
sand by  men  making  no  claim  to  be  considered  engineers,  yet  their 
work  is  perhaps  superior  to  many  professional  engineering  jobs. 

There  is  a  stone  dam  at  Windsor,  Vt.,  forty  feet  in  height,  that 
has  stood  a  half  century  and  seems  good  for  the  other  half.  The 
stones  are  laid  without  cement,  but  planked  upon  the  up-stream 
side.  A  stone  dam  with  earth  embankment  below  to  me  seems  a 
poor  arrangement,  frost  or  no  frost,  while  such  embankment  above 
or  up-stream  should  be  very  useful. 
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THE  HEBCULES  TUBBEffE. 

In  March,  1876, — Centennial  year — several  of  tCese  wheels  were 
bronght  to  the  Holyoke  testing  flnme  to  be  tested  by  me.  The 
builders,  Messrs.  McCormick  &  Brown,  made  such  extravagant 
claims  in  advance  that  they  were  laughed  at  as  visionary  cranks  of 
the  then  usual  hydrodynamic  species. 

A  week  spent  in  testing  and  re-testing,  changing  wheels,  again 
testing,  proved  the  claims  of  the  builders  to  be  well  founded. 
Leading  turbine  builders  were  called  in  to  assist  in  making  the  tests, 
for  it  was  evident  the  wheel  marked  a  new  era  in  hydrodynamics. 

After  an  exhaustive  series  of  testing,  a  report  of  the  results  was 
made  public,  and  an  effort  made  to  have  all  water  wheel  builders 
examine  the  plans  and  start  anew,  and  each  strive  to  make  the 
plans  still  more  effective  ;  but  my  idea  of  the  matter  may  be  found 
in  rex)ort  of  Holyoke  Machine  Co.  as  turbine  builders,  in  the  third 
edition  of  my  work,  "  Hydrodynamics,"  1881.  The  success  of  the 
Hercules  led  to  the  production  of  the  Victor  and  New  American, 
either  of  which,  a  few  years  earlier,  would  have  been  considered 
phenomenal.  The  Victor  in  several  cases  gave  high  whole  gate 
tests ;  the  New  American  high  average  tests  from  half  to  whole 
gate,  so  that  I  recommended  their  use  to  parties  in  Holyoke,  and  I 
think  that  some  eight  or  ten  of  each  were  purchased  and  set  in  mills 
there.  But,  for  reasons  satisfactory  to  the  purchasers,  these,  each 
and  every  one,  I  think,  have  since  been  replaced  by  the  Hercules, 
and  now,  after  sixteen  years'  trial,  I  can  and  do  say  the  Hercules 
turbine  has  nx)  equaly  it  stands  alone,  and  manufacturers  owe  much 
to  the  Holyoke  Machine  Co.  for  its  liberality  and  perseverance  in 
bringing  the  wheel  to  its  present  state  of  perfection,  for  it  has  cost  a 
fortune  to  do  it.  Its  variations  may  be  realized  by  an  examination 
of  the  diagrams  showing  the  efficiency  of  various  wheels  tried. 

Substantially  the  same  wheel  in  general  appearance  is  now  made 
by  the  Holyoke  Machine  Co.  and  the  Jolly  Brothers,  both  of 
Holyoke. 

Only  a  test  of  each  wheel  can  decide  which  is  best.  There  is  an 
individuality  in  turbines.  No  man  has  yet  lived  that  can  build  two 
wheels  with  absolute  certainty  that  they  will  give  the  same  results ; 
a  glance  at  the  diagrams  and  tests  will  show  great  variations.  The 
intelligent  purchaser  has  his  wheel  tested  before  acceptance,  and 
rejects  such  as  do  not  reach  what  he  has  bargained  for.  Who,  Mr. 
Purchaser  that  thinks  it  won't  pay  to  test,  do  you  suppose  gets 
those  rejected  wheels  f 
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LITIGATION  TO  SETTLE  QUESTIONS  IN  DISPUTE. 

All  who  have  read  Juvenars  Satires  will  recall  the  surprise  he 
expresses,  that  where  ropes,  daggers,  and  high  buildings  render 
suicide  so  easy,  any  man  can  be  fool  enough  to  marry ;  so  it  is 
equally  a  matter  for  surprise  that  a  man  having  a  mill  pond  large 
enough  to  drown  himself  in  should  resort  to  law  to  decide  who 
owns  the  pond. 

A  lawyer  that  takes  up  a  case  desires  to  win,  and,  as  is  natural, 
will  do  so  if  he  can,  right  or  wrong.  Any  trickery  that  can  be  made 
to  appear  legal  may  be  resorted  to  with  approval. 

A  sucking  Blackstone  with  impudent  assurance  may  browbeat 
and  bully  a  witness  so  long  as  he  keeps  within  the  legal  ruts,  and  a 
very  shallow  fool  can,  and  often  does,  ask  questions  that  a  wise 
man  cannot  answer  simply  because  he  is  not  allowed  to  explain 
and  show  that  the  question  has  no  application  to  the  case  in  hand. 
An  annoyance  that  practical  witnesses  often  have  to  contend  with 
are  works  of  shallow,  conceited  aspirants,  who  desire  to  shine  as 
that  "Eminent  Hydraulic  Engineer,"  or  as  the  "Great  Doctor 
Squills."  The  less  such  authors  know,  the  more  hair-splitting  and 
profound  will  be  their  theories, — that  is  if  profundity  consists  in 
unintelligibility.  Could  such  frauds  be  examined  by  capable 
members  of  their  calling  their  pretensions  would  at  once  be  made 
apparent,  as  in  the  case  of  the  eminent  engineer,  John  Smith.* 

A  sharp,  unscrupulous  attorney  might,  in  fact  often  does,  study 
up  such  shallow  publications,  and  seemingly  confoimds  an  intelli- 
gent engineer  or  physician,  simply  because  either  has  such  con- 
tempt for  the  ignorant  stuff  presented  as  science,  that,  feeling  that 
others  should  see  the  palpable  absurdity  as  well  as  themselves,  they 
treat  the  whole  with  contempt.  There  are  few  cases  in  milling 
matters  that  cannot  readily  be  explained  in  a  few  minutes  if  the 
attorney  would  state  the  case  clearly,  then  allow  the  witness  to  tell 
what  he  knows  about  it  in  as  few  words  as  possible.  Certainly  such 
would  be  much  the  quickest  way  to  obtain  the  merits  of  a  case  from 
an  intelligent  expert ;  instead  of  which  he  is  often  kept  under  a 
shower  of  questions,  for  hours,  nine-tenths  of  which  have  little  bear- 
ing upon  the  case  in  hand,  the  attorney  upon  his  side  treating 
him  like  a  charge  of  dynamite,  likely  to  explode  unexpectedly,  the 
opposing  attorney  operating  from  the  start  as  though  he  had  a 
,  criminal  to  deal  with. 

For  myself  I  can  say  with  truth  that  I  never  took  the  witness 
stand  with  a  desire  to  favor  either  side,  and  have  seldom  left  it  with- 
out feeling  outraged.  The  dignity  of  the  law  and  courts  are  often 
lauded,  but  my  experience  has  not  enabled  me  to  see  it. 

Think  of  the  immense  flunkyism  there  must  be  latent  in  human 
nature  to  cause  the  free-bom  citizen  to  dress  in  his  granny's  old 
silk  gown  in  order  to  equip  himself  for  the  supreme  bench.  No 
wonder  the  owl,  the  stupidest  of  birds,  is  selected  to  represent 
wisdom. 

*For  nntold  ages  it  has  been  found  impossible  to  make  laws  that  human  ingenuity 
cannot  evade ;  then  why,  like  Mrs.  Partington,  continue  to  attempt  the  impossible  ?  why 
not  obliterate  every  statute,  then  re-enact  a  few  broad  principles  and  compel  the  settle- 
ment of  all  disputes  by  arbitration  in  the  light  of  current  intemgenoe  ? 
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The  Selection  of  Turbines 

is  a  matter  upon  which  a  manufacturer's  success  in  business  often  depends, 
yet  in  which  the  least  practical  knowledge  is  ^nerally  used.  The  common 
practice  is  to  guess  at  the  power  required,  the  water  at  command,  the  best 
kind  of  wheel ;  finally,  at  the  size  of  that.  That  such  a  system  exists  is 
owing  to  two  facts ;  First,  that  we  have  had  no  really  practical  milling  en- 
gineers ;  Second,  to  man's  desire  to  get  more  than  he  is  willing  to  pay  for 
—to  the  same  disposition  that  causes  him  to  buy  lottery  tickets,  or  to  gam- 
ble in  stocks— and  he  exclaims :  *'I  do  not  see  why,  if  one  is  good,  another  of 
the  same  kind  must  not  be  so,  too."  Supi^ose  he  does  not  see,  does  he  not 
know  of  plenty  of  cases  to  prove  that  it  is  not  so?  And  there  are  good  reasons 
for  its  not  being  so.  For  a  number  of  years  certain  turbine  builders  made 
expensive  eif orts  to  gain  high  results.  So  long  as  the  greatest  possible  care 
was  ^iven  to  each  branch  or  the  business,  so  long  were  high  results  generally 
obtained ;  but  the  moment  such  care  was  abandoned,  and  the  Dusiness 
conducted  with  the  ordinaiy  care  common  in  foundry  and  machine  work, 
the  ninety  per  cent,  wheels  dropped  to  eighty  or  less ;  then,  in  a  little  time, 
the  patterns  became  wari)ed  or  worn,  or  less  care  was  used  in  setting  them 
exact,  as  they  were  being  molded,  and  the  wheels  made  from  them  would 
give  seventy-four  or  seventy-five  per  cent.,  though  wheels  made  from  the 
same  patterns  a  year  before  often  gave  from  eighty-five  to  ninety  per  cent. 
Too  much  time  and  money  have  been  expended  upon  such  wheels,  any  way, 
though  in  years  past  it  was  a  matter  of  less  consequence  than  now,  except 
that  it  created  or  encouraged  a  false  idea  of  the  value  of  such  wheels. 

The  Boyden  and  Tyler  scroll  wheels  were  rivals  for  a  generation — the 
Boyden  being  used  by  large  corporations  under  the  most  favorable  con- 
ditions; the  Tyler  in  the  backwoods,  under  conditions  in  which  the  Boyden 
would  nave  been  unable  to  work  at  all.  Many  of  each  have  been  used 
twenty  years  without  re<iuirin^  repairs.  If  the  point  could  be  accurately 
determined  as  to  the  economy  in  the  use  of  water,  there  is  not  a  shadow  of 
proof  to  show  that  the  decision  would  be  favorable  to  the  Boyden ;  while 
the  cost  would  be  ten  and  the  trouble  in  keeping  the  wheels  clean  and  in 
working  condition  would  be  as  a  hundred  to  one  in  favor  of  the  Tyler.  Both 
are  now,  however,  of  the  past,  and  out  of  place  where  economy  is  desirable. 
But,  says  a  manufacturer,  '*  My  mill  is  on  the  upper  level,  where  the  head  is 
always  the  same,  and  I  buy  so  many  cubic  feet  per  second ;  so  what  use  is  it 
for  me  to  have  a  particularly  good  part  gate  wheel?  " 

There  are  two  good  reasons  for  preferring  such  wheels :  First,  a  good  part 
gate  wheel  uses  water  in  proportion  to  the  work  it  has  to  do,  and  there  are 
times  in  all  mills  when  more  or  less  of  the  work  is  stopped.  Good  part  gate 
wheels  save  water  at  such  times,  which  benefits  all  on  the  same  fall ;  but  a 
more  important  point  is,  that  during  low  water  in  the  dry  season,  when  the 
supply  is  insufficient  to  do  the  work  without  the  aid  of  steam,  the  mill 
having  good  part  gate  wheels  can  utilize  whatever  there  is  of  water,  while 
those  having  Boyden,  or  any  of  the  popular  whole  gate  wheels,  can  realize 
but  little  benefit  from  a  two-thirds  ana  nothing  from  a  half  supply. 

There  is  one,  and  only  one,  method  of  securing  a  valuable  turDine  without 
any  risk,  and  that  is  to  ascertain  first  exactly  what  is  needed,  which  may 
readily  be  done  by  measuring  the  water  that  is  to  be  used  and  the  power  the 
mill  requires;  then  apply  to  a  respectable  turbine  builder,  use  ordinary' 
common  sense  in  the  matter,  and  not  exi)ect  that  a  wheel  of  a  given  capacity 
can  be  made  in  so  perfect  and  durable  a  manner  for  four  hundred  as  one  that 
costs  four  thousand  dollars.  The  idea  is  equivalent  to  the  quandary  of  the 
young  man  who  hesitated  as  to  whether  he  should  give  his  girl  a  piano  or  a 
pint  of  peanuts.  Pay  a  fair  price,  and  insist  that  the  wheel  shall  be  thoroughly 
made  in  every  way,  and  tested  before  accei>tance ;  and,  unless  it  gives  an 
average  useful  effect  of  76  per  cent,  from  half  to  whole  gate,  refuse  to  take 
it.  A  wheel  that  will  give  such  an  average  is  good,  and  will  do  a  third  more 
work  with  the  same  water,  under  the  ordinary  working  conditions,  than  any 
Boyden  or  Victor  ever  made.  Tliere  is  another  and  very  erroneous  })lan  of 
fitting  up  mills :  that  is,  to  use  wheels  much  too  large  for  the  work  with  the 
ordinary  head,  in  order  to  avoid  stoppage  during  backwater.  Such  wheels 
are  entirely  out  of  place,  for  if  gearedf or  the  ordinary  head  they  run  at  great 
loss  through  waste  of  water  at  all  times — during  the  ordinary  head,  because 
too  Uurge ;  and,  daring  backwater,  because  geared  for  a  high  speed. 
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Turbines  Banning  Faster  thjm  the  Water  that 

Driyes  Them. 

We  often  hear  of  destructive  collisions  when  heavy  bodies  meet,  but  never 
when  two  bodies  are  moving  in  the  same  direction — the  forward  one  the 
faster ;  yet  the  turbine  often  moves  faster  than  the  water  that  drives  it,  and 
does  good  work.  [See,  for  example,  Upham  wheel,  test  13^  weight,  100  pounds ; 
revolutions,  300  per  minute.]  The  wheel  was  30  inches  in  diameter,  on  what 
would  be  the  pitch-line'of  gear  of  that  shape.  Any  one  acquainted  with  such 
matters  can  get  the  circumference  and  spurting  velocity  of  water  for  the  head 
given,  and  thus  verify  the  statement.  Such  turbine  builders  as  claim  to  be 
scientific  have  a  theory  to  fit  the  case,  but  do  not  agree  well  with  each  other. 
Will  not  some  of  our  college  professors  or  students,  those  enga^jed  in  such 
studies,  give  it  attention?  and  in  so  doing  take  into  consideration  the  fact 
that  the  Upham  wheel  discharges  the  water  obliquely  outwards  near  the 
periphery  of  the  wheel,  where  its  velocity  is  greatest,  instead  of  near  the 
center,  where  the  velocity  of  the  wheel  is  less  than  the  spurting  velocity  of 
the  water— seeminj^ly  a  sufficient  proof  that  theories  based  upon  the  central 
discharge  idea  are  incorrect. 

Many  explanations  have  been  sent  to  me  in  relation  to  the  above, 
none  from  the  colleges  or  engineers.  Judge  Waldron  of  Maine 
readily  accounted  for  the  fact  upon  the  same  principle  that  an  ice 
boat  often  sails  faster  than  the  wind  that  drives  it.  Many  of  the 
explanations  have  been  lengthy,  accompanied  with  diagrams,  but 
the  simplest  solution  that  occurs  to  me  is  the  wedge  that  often 
flies  from  the  frosty  log ;  the  wedge  to  open  the  cleft  one  inch  may 
enter  three,  consequently  moves  three  times  as  fast  as  the  cleft 
parts  when  it  flies  out. 

Backwater  under  Conditions  Difficult  of  Settlement. 

Many  cases  of  backwater  for  which  complaints  have  been  and 
still  are  being  made,  have  arisen  through  the  effect  of  a  rapid* 
current  produced  by  a  fall  in  the  stream  or  the  discharge  of  water 
from  a  mill  located  upon  the  fall — the  current  having  carried  the 
loose  sand,  mud,  gravel,  sawdust,  bark,  or  other  debris  forming  the 
bed  of  the  stream  down  to  a  wider  or  more  level  place  where  the 
velocity  was  less,  and  there  depositing  it,  forming  a  bar  across  of  a 
greater  or  less  height,  as  the  case  might  be,  raising  the  water  above 
causing  a  fall  below.    In  earlier  times,  when  locating  a  mill  upon 
such  a  fall,  the  wheels  were  seldom  placed  so  low  as  to  receive  the 
full  effect  of  the  fall,  for,  through  the  abundance  of  water,  the  com- 
paratively little  power  required  could  be  obtained  at  less  expense 
with  a  portion  of  the  available  head.     In  time,  another  mill  was 
erected  further  down  stream,  the  dam  for  which  flowed  the  water 
back  upon  the  bar  above,  without  in  any  way  interfering  with  the 
power  of  the  mill  above.    These  conditions  continued  for  years 
without  question.    As  the  country  became  settled,  the  supply  of 
water  grew  less,  the  power  more  valuable  and  better  cared  for. 
The  upper  mill  was  enlarged,  the  wheel-pit  lowered,  the  wheels 
placed  at  the  bottom,  and  the  bar  removed.    Of  course  the  water 
from  the  dam  below  flowed  back  into  the  upper  wheel-pit  and  ob- 
structed the  wheels.    Under  such  circumstances,  it  is  apt  to  cause 
the  owner  of  the  upper  mill  to  insist  that  the  lower  dam  has  gradu- 
ally been  raised  above  the  title  thereto.    There  are  plenty  of  mills 
yet,  the  discharges  from  which  are  raising  such  bars,  and  so  gradu- 
ally as  to  be  overlooked  and  neglected,  which  will  surely  cause 
trouble  in  time. 


64 

Testingr  Flume  and  Turbine  Testingr. 


The  testin<:;  system,  or  practice  of  testing  turbines  before  purchase  to  deter- 
mine their  value,  has  become  so -general  that  there  is  no  turbine  builder  of  any 
reputation,  who  has  not  found  it  necessary  to  submit  his  wheels  to  such  trial, 
in  order  to  enable  him  to  sell  them;  this  being  the  case  it  is  proper  that  the 
method  by  which  such  te<ts  arc  determined  should  be  made  familiar  to  all  inter- 
ested. Ten  years  since  the  testing  of  a  turbine  was  a  seiious  matter,  and  could 
only  be  accomplished  at  a  ^reat  outlay  of  time  and  money,  the  cApeose  extend- 
ing into  the  thousands ;  while  the  apparatus  used  was  so  crude,  and  the  compli- 
cations were  so  numerous,  that  the  matter  was  understood  by  but  few,  and  was 
believed  in  by  less ;  thousands  and  tons  of  thousands  of  dollars  have  since  been 
expended  in  simplifying  the  process  of  computation  of  results  obtained,  the  manner 
of  obtaining  them,  and  in  ridding  the  system  of  rubbish  of  no  earthly  use.  In  the 
first  place  it  should  be  thoroughly  understood,  that  weighing  the  power  of  a 
wheel,  or  in  other  words  what  it  will  pull  while  running  at  a  certain  speed,  is 
precisely  the  same  in  principle  as  to  weigh  what  a  horse  or  man  can  pull  while 
traveling  at  a  fixed  speed,  or  as  in  weighinj^  groceries ;  consequently  an  accurate 
scale  beam  with  knife  edges  and  sealed  weights  are  required  as  much  in  the  one 
case  as  the  other;  the  pounds  named  ia  testing  a  wheel  mean  precisely  the  same 
as  in  weighing  hay  or  sugar ;  and  if  a  proper  weiuhiug  and  controlling  instru- 
ment is  used,  the  wheel  will  be  kept  at  tne  same  speed  so  loug  as  a  given  weight 
is  carried :  consequently  the  gauges  remain  constant  with  the  same  weight  on 
scale,  and  with  the  same  head  of  water,  so  that  six  different  persons  taking  the 
gauges  add  exactly  six  times  to  the  chances  for  errors  in  testing  a  wheel,  and  as 
much  more  to  the  co<t.  Testing  with  proper  apparatus  and  conveniences  is  a 
very  simple  matter,  but  it  requires  experience  to  make  such  test  reliable;  and 
though  an  engineer  may  have  the  formula  committed  to  memory,  he  will  need 
considerable  experience  practically  before  he  will  be  able  to  make  tests  that  can 
be  depended  upon. 

Wbib  Mbasubbmbnts. 

Within  the  past  few  years  much  has  been  ^a'd  and  written  for  and  against  the 
reliability  of  measurements  of  water  flowing  over  weirs ;  this  has  arisen  through 
the  great  diversity  of  results  obtained  by  different  persons,  who  have  used  the 
same  formula  for  computation  of  data.  Turbines  of  almost  every  make,  tested  by 
their  builders,  have  seemingly  ^iveu  high  useful  effect;  while  in  actual  use  few 
of  them  have  proved  economical  in  the  use  of  water.  This  has  had  a  tendency  to 
discredit  weir  mosisurements,  but  unjustly  so,  as  may  readily  be  explained,  for 
the  matter  is  one  of  great  simplicity,  notwithstanding  the  complications  thrown 
around  it  by  tho<c  who  have  supposed  a  long  array  of  decimals  denote  profun- 
dity and  accuracy.  Any  weir  under  exactly  the  same  conditions  will  repeat 
results  invariably ;  but  a  formula  based  upon  certain  conditions,  will  not  give 
correct  results  if  those  conditions  are  changed.  All  brooks  and  rivers  vary 
much  in  width  and  depth,  yet  the  same  water  flows  through  the  narrow  as  well 
as  the  wide  places,  the  velocity,  of  course,  varying  with  the  cross  section  of  the 
stream.  The  velocity,  however,  does  not  cease  immediately  upon  entering  a 
wider  or  deeper  part,  but  continues  until  the  momentum  is  lost,  and  the  general 
level  attained ;  this  of  itself  would  prove  the  necessity  of  placing  a  weir  at  a 
considerable  distance  from  the  discharge  of  a  hi<;lier  head.  The  Francis  for- 
mula is  has  d  upon  the  natural  flow  of  the  water,  which  for  a  depth  of  one  foot 
over  a  weir  is  about  three  feet  four  inches  per  second;  and  it  must  be  evident 
chat  such  formula  is  entirely  inapplicable  where  the  velocity  is  four  or  five  feet 
per  second,  as  it  may  be  if  the  weir  is  placed  close  to  the  discharge  of  a  poor 
turbiuH,  where  the  water  leaves  the  wheel  with  half  the  velocity  due  the  head : 
or  where  a  cross  section  of  pit  or  stream  approaching  the  weir,  is  but  little 
greater  than  the  capacity  of  the  weir  itself.  It  is  plain  that  under  such  condi- 
tions the  velocity  will  vary  according  to  the  useful  effect  of  the  wheel,  and 
equally  plain  that'no  reliable  correction  for  velocity  can  be  applied.  Had  this  been 
considered,  much  trouble  and  expense  might  have  been  saved  the  past  twenty- 
five  years ;  for  it  is  not  likely  any  builder  would  have  knowingly  continued  the 
manufacture  of  f  >rty  per  cent,  turbines.  The  cross  section  of  a  pit  or  stream,  up 
stream  from  a  weir,  should  be  :it  least  five  times  the  cross  section  of  the  stream 
flowing  over  it;  and  for  a  discharge  of  two  thousand  cubic  feet  per  minute,  the 
weir  should  be  fifty  feet  from  the  discharge  of  the  turbine,  or  opening  into  pit. 
Backs  should  never  be  used,  as  they  obstruct  and  raise  the  water  so  that  it 
passes  through  with  renewed  velocity.      If  there  is  a  horizontal  discharge 
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towards  the  weir,  check  the  current  by  zigzag  breakwaters.  For  measaring  the 
flow  of  a  river  the  weir  or  dam  cannot,  be  too  large,  but  it  may  be  for  measuring 
the  discharge  from  a  mill  where  a  governor  is  used,  as  the  varying  discharge, 
caused  by  adding  or  throwing  off  machiuery,  may  prevent  accuracy  if  too  much 
time  is  required  for  the  water  to  find  its  proper  level. 

THB  SAMB  WHEELS  TESTED  IN  FITS  OP  DIFFBBEHT  CAPAOITT. 

July  24  and  26,  two  wheels  were  tested  at  Holyoke  flume ;  these  haa  previously 
been  tested  in  another  flume,  the  measuring  pit  of  which  was  about  nine  feet  in 
width,  iwo  feet  in  depth  below  crest  of  weir,  while  the  weir  itself  was  twenty 
feet  from  the  wheel.    The  following  results  were  obtained : 

Largest  Wheel :  Stilwell  &  Bierce  Flume. 
Head,  7.64  feet      Discharged,  1178.00  cubic  feet.    Percentage,  .8786 

Holyoke  Flume,  largest  wheel : 
Head,  1840  Discharged  2233.55  cubic  feet.        Percentage,  .7520 

Beset  and  again  tested : 
Head,  18.07         Discharged  2214.66  cubic  feet.        Percentage,  .7533 

Theoretical  discharge  for  head  of  18.40  feet,  based  upon  the  Stilwell  &  Bieroe 
test  should  be  1828.7  cubic  feet. 

Smallest  Wheel :  Stilwell  &  Bierce  Flume. 
Head,  7.82  feet        Discharged  761  cubic  feet.        Percentage,  .8604 

Holyoke  Flume : 
Head,  18.33         Discharged  1387.27  cubic  feet.        PercenUge,  .7777 

Taken  out,  overhauled,  then  re-tested : 
Head,  18.44         Discharged  1400.31  cubic  feet.        Percentage,  .7753 

The  head  was  then  reduced,  and  it  was  again  tested : 
Head,  7.85  Discharged  869,34  cubic  feet.  Percentage,  .7724 

Theoretical  discharge,  based  upon  Stilwell  &  Bierce  test,  for  18.44  feet  head, 
should  be  1168.5  cubic  foet. 

These  tests  show  how  little  reliance  can  be  placed  in  measurements  made  in  a 
pit  of  insutficient  capacity,  yet  how  accurately  a  proper  pit  and  weir  will  repeat ; 
at  the  sam :  tima  they  explain  how  the  high  results  reported  so  often  by  inter- 
ested parties  are  obtained. 

Illustrations  and  description  of  testing  flume  and  apparatus  of  the  present 
time  are  herewith  given:  Fig.  1,  represents  the  dynamometer,  or  weighing 
ia9:;rument;  Fig.  2,  an  elevation  of  a  testing  flume;  Fig.  3,  a  plan  view  of  the 
saoie ;  Fig  4,  the  ho  >k  gauge.  Through  an  opening  in  the  side  of  fore-ba^^  Fig. 
I,  maybe  seen  a  tu.  bine  wheel  with  its  shaft  extending  upwards,  on  the  upper 
eai  of  which,  above  fure-bay,  is  secured  the  instrument  for  weighing  the  power 
transmitted  from  the  water  aischarged.  To  ascertain  the  useful  ef^ct  it  is  nec- 
essary to  know  the  head  under  which  the  wheel  works,  also  the  quantity  of 
water  discharged  by  it  in  a  given  time.  The  head  is  the  difierence  in  height 
between  the  surface  level  of  water  in  pit  and  fore-bay  tohen  the  wheel  id  running ^ 
at  which  time  there  is  generally  too  much  disturbance  in  tbe  water  to  allow  of 
accuracy  by  direct  measurement,  thus  uecessitatinsc  the  use  of  the  ta  kg  A  and 
B;  the  tank  A  is  connected  with  water  in  fore-bay  by  a  short  piece  of  three- 
fourths  inch  steam  or  gas  pipe,  through  which  the  water  flows  too  slowly  t3 
c  luse  ebullition,  but  fast  enough  to  keep  the  surface  in  tank  equal  in  height  M'ith 
that  in  fore-bay;  from  the  bottom  of  the  tank  a  rubber  pipe  extends  to  the  bot- 
^.)e?  r.^T  ?  .7'.-»r,'»  tube,  placed  beside  the  measuring  pole  at  the  ri;fht.  The  tank  B 
.s  connected  with  the  water  in  pit  by  a  rubber  or  flexible  pipe,  that  the  tank  may 
b3  raised  or  lowered,  in  order  to  keep  the  top  of  the  tank  nearly  even  with  the 
surface  of  tail  water  in  the  pit;  with  this  arrangement  the  point  of  the  hook, 
which  may  be  seen  at  the  lower  cud  of  the  measuring;  pole,  will  be  perceptible 
the  instaut  it*  breaks  the  8urfi;ce  of  the  water  in  the  tank.  This  hook  and  the 
p  >le  i')  raised  or  1  )wert>d  by  a  hand  nut  sh  -wa  above  the  tank.  The  pole  is  grad- 
uated in  tenths  and  hundredths  of  feet  from  the  point  of  tbe  hook  to  the  top  of  the 
pole,  so  that  after  the  point  of  the  h  jok  is  adjusted  to  the  suri'ace  of  the  water  in 
the  tank,  the  exact  head  may  be  found  opposite  the  surface  in  the  glass  tube  or 
tank  A.  The  tank  C,  wliich  is  also  connected  with  the  water  in  the  pit  by  a  flex- 
ible pipe,  slides  up  or  down  on  two  parallel  rods,  and  is  kept  at  any  height  by  a 
counterpoise ;  above  this  the  hook  gauge  is  firmly  fixed  to  a  timber  in  such  a 
position  that  the  point  of  the  hook  will  drop  in  a  perpendicular  line  through  the 
center  of  the  tank,  and  it  will  save  making  corrections  for  each  measurement  by 
placing  the  point  of  the  hook  exactly  level  with  the  crest  of  the  weir  when  tb9 
scale  of  the  gauge  is  standing  at  zero. 
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The  proper  dimensions  for  a  testing  flume  arci  of  coarse,  determined  bj  the 
size  of  the  wheels  to  be  tested.  The  fore-bay,  in  lUameter,  should  at  least  be 
twice  that  of  any  wheel  placed  in  it,  wliiie  the  width  of  the  pit  should  equal  one 
and  a  h  .If  times  the  length  of  the  weir;  below  the  crest  of  which  the  depth 
should  equal  fo.ir  times  the  depth  of  the  stream  likely  to  flow  over  it<  ^  The  weir 
should  (itand  at  least  twenty  feet  from  the  wheel,  and  at  an  exact  right  an^le 
with  the  flow  of  the  water. 

The  dynamometer,  or  instrument  used  to  determine  the  power  transmitted,  is 
simply  iin  improved  "  prony  brake."  The  wheel  B  is  secured  lo  the  shaft  of  the 
water> wheel,  and  its  speeil  is  controlled  by  the  friction-band  A,  which  is  cou- 
uecled  lo  the  8calc-bcam  as  shown,  the  point  of  connection  describing  a  circle  of 
a  given  number  of  feet.  The  rim  of  the  wheel  and  the  friction-band  are  hollow, 
and  are  kept  cool  by  streams  of  cold  water  passint;;  through  them ;  the  water  in 
the  rim  of  the  wheel  being  supplied  through  its  hollow  arms  and  the  pipe, 
shown  in  the  engraving.  The  wheel  B,  is  made  of  cast  iron,  the  friction- 
band  of  "composition"  or  "pun  metal  "  The  hands  of  the  "counter"  are  so 
arranged  in  connection  with  a  worm  gear,  that  they  can  be  made  to  rotate  in  the 
same  direction  the  hands  of  a  clock  move,  whichever  way  the  wheel  being  tested 
may  revolve. 

The  hand  wheel  for  operating  the  friction-band  through  the  screw  M,  has  a 
"  uiiivirsiiL  joint"  in  its  shaft,  which  is  arranged  witli  a  slide  to  prevent  fraud 
while  testing.  Tli ;  connection  of  the  band  with  the  scale-beam  is  made  by 
knife-  dgcd  links,  and  the  pivot  of  the  beam  is  also  knife-edged.  The  Weights 
are  suspendt  d  at  one  end  of  tho  beam  as  shown  at  C ;  at  thu  other  •  ud  is  the 
"  dash-pot "  D,  (it  is  better  to  have  "  dash-pot "  at  thu  same  end  as  the  weights,) 
filled  with  water  to  hold  the  beam  steady  The  pot  is  made  of  cast  iron,  bored 
out  perfectly  true.  The  plnn  er  on  the  end  of  the  rod  is  a  thin  disk  of  iron 
turned  to  fit  the  poc  1  losely,  so  as  to  allow  it  to  move  perfectly  free ;  it  has  six 
three.-ei^hths  inch  holes  throu<rh  it,  stO|>ped  with  brass  thumb  screws;  one  or 
more  ofthese  may  be  removed  at  any  time  to  render  the  beam  more  sensitive, 
but  the  screws  must  be  left  lying  on  the  plunger,  that  the  wei-jht  may  not  be 
changed.  To  prepare  the  instrument  for  testiuL',  the  "dash-pot"  should  be 
filled  with  waer,  the  screws  removed  from  the  holes  in  the  plunger,  but  left 
upon  it,  the  beam  leveled  with  the  indicator  standing  at  zero,  as  shown  at  £ : 
then  place  a  small  weight  in  the  scale-pan.  and  Observe  the  number  of  seconds 
required  for  the  weighted  end  to  settle  one-half  inch;  then  change  the  weight 
to  th  •.  other  end  of  the  beam,  the  sarau  distance  fioni  the  fulcrum,  and  change 
the  balance  weight  until  the  beam  is  balanced ;  then  return  the  screws  to  the 
holes  in  the  plunger,  and  connect  the  beam  to  the  friction-band  by  the  links  for 
that  purpose. 

When  testing,  I  find  that  the  simplest  and  surest  method  of  obtaining  the 
correct  number  of  revolutions  of  the  wheel,  is  to  hold  the  hands  of  the  counter 
at  zero  until  the  '-  timer  "  is  ready;  then  to  run  several  minutes,  and  divide  the 
number  run  to  obtain  the  revolutions  per  minute. 

The  most  perfect  measurement  with  the  hook  gauge  can  bo  obtained  by  keep- 
ing the  top  of  the  tank  C,  nearly  level  with  the  surface  of  the  watc*r  in  it,  then  by 
lookin:;  across  it  the  point  of  the  hook  may  be  seen  the  moment  it  breaks  the 
surface. 

In  testing  a  wheel  I  begin  with  a  light  weight,  say  for  a  30-inch  wheel  under 
fifteen  feet  head,  start  with  100  pounds,  run  two  minutes — the  man  at  the  wheel 
keeping  the  be.im  level— then  change  to  125  pounds  and  repeat.  Continue  to 
change  25  pounds  every  two  minutes  until  thu  speed  of  the  wheel  is  reduced 
below  its  best  point,  which  is  reached,  we  will  say,  when  it  is  carrying  250 
pounds;  then  reduce  the  weight  to  '£15  pounds,  and  change  ten  pounds  every 
two  minutes  until  the  best  point  is  again  passed,  which  is  found,  say,  when  it  is 
carrying  255  pounds;  reduce  the  weight  io  again,  say,  242)^  pounds  and  change 
the  weight  five  pounds  at  a  time  every  five  minutes.  Sometimes,  when  not  in  a 
hurry,  L  commence  with  100  pounds  and  run  to  700,  or  even  800  j  then  a^n,  I 
might  start  on  the  same  wheel  (if  I  knew  about  the  proper  weight  for  it)  say 
with  600  pounds,  an  I  not  chancre  more  than  100  during  the  whole  test.  Some 
paities  desire  lo  have  their  wheels  tested  with  as  short  a  rancre  of  weights 
as  can  be  u-^cd  :ind  the  whccrs  best  speed  be  found,  for  the  purpose  of 
showing  even  results  through  the  whole  test;  but  to  the  initiateil,  such  results 
would  appear  no  better  than  where  greater  changes  were  recorded  if  the  weights 
varied  with  the  spe  d.  Of  course,  the  more  the  speed  of  a  wheel  can  be  varied 
without  affecting  its  percenta^re  tho  better,  but  that  is  only  determined  by  osing 
a  long  range  of  weights  while  testing  it. 
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The  power  transmitted  by  the  wheel  is  determined  as  follows :  Snppose  the 
scale  fa«am  is  attached  to  the  friction  brake  at  a  point,  which,  if  reyoWing, 
would  describe  a  circle  of  2U  feet,  and  the  wheel  runninf^  one  hundred  revola- 
tioQs  per  minute,  holds  the  beam  at  zero  when  loaded  with  500  lbs.,  'M  X  100= 
2niOO X5OO^iOO00u-Hi;i00O gives 30.30  horse-power;  divide  the  transmitted  power, 
by  the  power  of  the  water  used,  to  asceitain  the  useful  effect  of  the  wlifcl 

An  example  is  here  given  of  finding  the  useful  effect,  after  testing  a  turbine, 
as  followed  in  1869;  and  when  it  is  understood  that  a  hundred  different  weights 
might  be  tried  in  testing  a  wheel,  and  that  during  the  trial  some  six  or  seven  dif- 
icrent  observers  were  taking  note<}  every  thirty  seconds,  and  that  all  of  theHc 
observations  had  to  be  made  to  agree  it  will  readily  be  seen  that  there  were  wide 
openings  for  errors. 

Tbst  17— Ttlbr  WflVBL,  September  21  and  23, 1871. 

149.2      Rev.  per  m. 

20      Circumference  of  circle 


2984.0 
300  Lbs. 


33000)895200  Foot  lbs.)27.13  II.  P.  of  wheel. 
66000 


235200 

231000 


42000 
33000 

90000 

3 
Q.  per  sec.=3.33  (1—0.  In  11)  H^ 

1.0615  Height  of  water  on  weir. 
— .0145  Correction  for  weir  level. 


1.0470 

.2  Number  of  end  contractions  x  0.1. 


.20940 
6.00000  Length  of  weir. 


6.79060=0.7627236 

3,33=0  5224442 

1.047=0.0199467 

0.00^9733 

60=1.7781513 


H 


1239.48=3.0932391=0.  per  min. 
15.695=1.1957613=Fall. 
62.336=1. 7947389=  Weight  of  cubic  foot. 

33000  (ac)=5.4814861=nor8e  Power. 

36.75=1.5652254=11.  P.  of  water. 
27  13=1.4.334498=11.  P.  of  wheel. 


.7383=1. 8682244=Ratio,  or,  percentage. 
The  formula  for  correcting  the  depth  for  the  velocity  of  the  water  approach- 
ing the  weir  is 


ir=      (H-i-fe)^— fe' 


in  which  the  factor 


V« 


2g 
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T  being  the  relodtj  foand  by  diyiding  the  Q  per  second  by  the  section  of  the 
stream  approaching  the  weir.  An  the  flame  approaching  the  weir  was  14  feet 
wide,  and  the  bottom  of  it  was  3-5  feet  beiow  the  crest  of  the  weir,  it  follows  that 
the  area  of  a  section  of  the  stream,  when  there  was  1.047  feet  of  water  flowing 
over,  is  14  (3.5-f-l-047)=63.658  square  feet. 

Q  per  sec.=20. 668=1.3150883 
Section=63.668=-l  .8038530 

1.6112353=v 
2 


1.022470fc=:v' 
2.1916296=2  g(ac;- 

.0016=3.2141002=A 
2.6070501 

.0001=6.8211503=*! 
Then  H-hA=1.0474-.0016=1.0486. 
1.0486=0.0206099 
0  0103049 


1.0738=0.0309148=(H-f-A)  I 

Then  (IIH-A)  2_aI=1.0738— .0001=1.0787 
1.0737=0.0308830 
0.0102943 


1.0486=0.0205887 

1.0486=H  =corrected  depth  on  the  weir. 

Substituting  H  for  H  in  the  weir  formula  first  given  above,  we  find  the  cor- 
rected Q  to  be  1242.25  cubic  feet  per  minute. 

1.0486 
.2 


.20972 
6.00000 


5.79028=0.7626996 

3.33=0.5224442 

1.0486=0.0206099 

0.0103049 

60=1.7781513 


1242.25=3.0942099 
15.695=1.1957613 
62.336=1.7947389 

33000  (a  c)=6~ 4814861 

1.5661962 
27.13=1.4334498 


Batio  of  useful  effect  .7366=1.8672536 

To  work  out  the  foregoing  without  the  use  of  logarithms,  applying  all  of  the 
corrections  as  was  then  done,  would  cover  many  pages  of  this  work.  A  hund- 
red different  weights  and  speeds  were  likely  to  be  tried  in  testinir  any  wheel, 
each  change  requiring  the  same  tedious  process,  so  that  days,  perhaps  weeks, 
were  required  to  ascertain  the  value  of  a  wheel.  It  was  customary  with  some 
engineers  to  work  out  a  few  tests,  then  to  "  plot"  the  lemainder  on  **dia);rMm 
paper ;"  but  this  was  found  to  be  unreliable  in  working  out  my  weir  tables,  and  of 
course,  wa?)  equally  so  in  working;  out  tests.  With  reliable  apparatus  for  testinf; 
a  wheel,  but  few  corrections  are  necessary,  and  only  three  persons  are  required 
in  making  tests.  One  having  the  whole  in  charge,  and  who  taki  s  weight,  revo- 
lutions of  wheel,  and  the  head  and  weir  gauges,  assisted  by  a  **timer,^*  and  one 
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who  controls  the  speed  of  the  wheel.  A  testing  flume  is  filled  and  emptied  so 
often  that  it  will  leak  more  or  less,  and  this  leakage  is  into  measuring  pit,  so  that 
after  a  wheel  is  set  ready  to  test,  its  Rate  is  closed  and  sprinkled  with  sawdust  to 
prevent  leakage,  that  would  affect  results  of  trial;  then  the  flume  is  lilled  with 
water,  and  the  leakage  of  the  flume  taken  at  the  weir.  Suppose  the  length  of 
weir  to  be  six  feet,  and  depth  of  leakage  to  be  .183  of  a  foot;  opposite  to  tliis  in 
weir  table  and  columu  for  6  ft.  weir  will  be  found  93.28  cubic  feet  per  minute,  and 
this  quantity  is  to  be  taken  from  every  test  made  of  that  particular  wheel,  sup- 
posing the  water  not  to  be  drawn  from  the  flume  during  the  test;  if  it  is,  then 
the  leakaire  must  be  taken  &%  before.  To  illustrate,  a  test  as  now  taken  is  here 
given.  The  point  of  attachment  of  brake  to  scale  beam  is  ten  feet,  and  each  rev- 
olution must  oe  multiplied  by  ten  to  tret  correct  speed.  Look  in  weir  table  below 
for  cubic  feet  discharged.  Test  of  an  18.inch  Wetmore  wheel,  September  30, 
1876: 

Head.  Weight.  Rev.  per  min.  Weir. 

No.  7.  18.80  162.5  305  .650 

Quantity  as  per  table  624.62— 98.28c=521.34  cubic  feet  per  minute. 

621.34X18.80X62.33 

33000 =17.91  H.  P.  of  water. 

305X10X162.5 

33000  —15.02 

15.02 

-yi  g^=.8114  Ratio  of  usefhl  effect. 


Formula  for  Tabling  "Wheels. 


(>=quantity  discharged  per  second  at  any  head,  h. 
V=velocily  due  head  h. 

Q  =quantity  with  aoyhead 

V  =velociiy  due  head 
Ifc=relative  velocity. 
I>=diameter  of  wheel. 

The  Q  having  been  determined  for  any  ^ven  head,  to   find   it  for  any 

other  head  Q'=QXT' 

The  horse  power  having  been  determined  for  any  given  head,  to  find  it  for  any 
other  head  H.  P.  X  V  H 

vxu 

The  revolutions  having  been  found  for  any  given  head,  to  find  them  for  any 

other  head   — — — — —  X  60=number  of  revolutions  per  minute. 
DX  3.1416  ^ 

R=relative  velocity,  determined  by  experiment. 

Having  the  outlet  of  one  wheel  of  a  certain  pattern  raesisiirod  and  its  power 
determined,  the  power  of  another  of  similar  pattern  is  approximately  obtained 
by  comparing  the  outlet  with  the  one  experimented  upon. 


Steam  and  Pressure  Gaugres. 


Is  it  a  matter  of  impoitancc  that  such  insirumcnts  should  indicate  correctly, 
and  if  so,  do  those  using  them  tMke  paiiH  lo  verify  their  uccumcy?  Recently 
while  testing  the  turbineM  used  at.  the  water  works  of  8t.  Jolinsbury,  Vt.,  it  came 
in  my  way,  also,  to  test  the  accuracy  of  the  pressure  i^uge^  usi  d  there  ;  these 
were  made  by  the  Utica  Steam  Gauge  Co  ,  Utiea,  N.  Y.  The  t«  st  was  mad<'  by 
getting  the  exact  area  of  the  wustt^  valve.  usin<r  a  knifc-tdged  pivoted  benm 
resting  on  a  knife-edg<  d  top  of  valve  pision  then  witii  scaled  weights  the  press- 
ure in  pipe  was  accurately  ascertained,  and  to  be  11  per  cent,  less  than  that 
shown  by  the  pressure  gauge. 
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EUiart  nils,  Pof  er,  and  the  Water  Used  to  Produce  It 


MESSBS.  MILLER  &  MAXON.—67en/2emen:— Nearly  a  year  since,  act- 
ing for  the  mannfactarers  hereinafter  to  be  mentioned,  yon  employed  me  to 
ascertain  the  power  used  by  the  said  manufacturers,  and  the  quantity  of 
water  necessary  to  produce  the  power  used  and  the  power  deeded. 

My  only  instructions  were  to  do  it  hj  the  most  perfect  methods  known 
to  me  and  do  it  right.  A  preliminary  trial  was  made  in  June  last,  and  all  in- 
terested in  such  matters  were  invited  to  witness  all  tests,  particularly  the 
members  of  the  Hydraulic  Company  and  their  attorney,  and  to  all  desirous 
of  knowing  the  matter  was  fully  explained. 

Except  in  cases  of  indefinitely  worded  deeds,  there  is  no  feature  in  the 
use  of  water,  or  power  in  mills,  that  may  not  be  elucidated  and  made  so  plain 
as  to  leave  no  shadow  of  excuse  for  litigation  except  that  of  a  desire  to  get 
that  which  belongs  to  another. 

The  deeds  in  each  case  to  be  named  ^ve  a  definite  amount  of  power  with 
right  to  use  sufficient  water  to  produce  it,  under  the  conditions  specified,  a 
positive  condition  of  which  is  that  measurement  of  the  water  shall  be  after 
it  issues  from  the  wheel. 

Two  power  scales  of  different  capacities  were  purchased  of  their  manu- 
facturers, Emerson  Power  Scale  Co.,  Florence,  Mass.;  these  are  made  upon 
the  same  principle  as  the  ordinary  Fairbanks  scale,  but  rotary.  The  largest 
carries  its  load  nine,  the  smallest  six,  feet  at  each  revolution  of  shaft  to  which 
it  is  affixed. 

To  operate  :  the  key  is  removed  from  driving  pulley,  thus  leaving  pulley 
loose  upon  its  shaft ;  the  scale  is  then  placed  on  shaft  close  to  hub  of  pulley, 
and  rigidly  keyed  to  the  shaft.  There  are  spurs  projecting  from  the  rim  of 
scale  to  which  the  levers  of  scale  connect  to  the  arms  of  the  pulley,  so  that 
all  of  the  strain  from  belt  rests  upon  the  scale,  and  that  strain  or  weight  is 
shown  upon  scale  in  pounds  as  on  the  ordinary  scale  beam. 

MuzBy'8  Starch  Mill,  capacity  1,000  bushels  of  com  or  24,000  pounds 
starch  per  day,  2  Eclipse  turbines,  one  48,  the  other  64,  inches  in 

diameter. 

48  inch  or  its  work  weighed  January  6,  rev.  118x9=1062x875= 

929,250-^33,000 28.15  h.  p. 

64  inch  or  its  work  weighed  January  6,  rev.  90x9=810x1150= 

931,500-^-33,000 28.22  h.  p. 

Total  power  used,  all  machinery  in  full  operation 56.37  h.  p. 

Globe  Tissue  Paper  Mill,  capacity  one  ton  per  day,  3  turbines,  American  66, 

Victor  26  and  30  inches. 
66  inch  American  or  its  work  weighed  Jan.  15,  rev.  99x9= 

891x1326=1,180,576 -f  33,000 35.77  h  p 

30  inch  Victor,  washer  wheel,   Jan.  17,  rev.  90x6=540x825= 

445,500^33,000 13.50  h.  p. 

25  inch  Victor,  84  inch  paper  machine,  pai>er  running  97  ft. 

per  minute,  rev.  44.5x9=400.6x1491  =688,735  ~  33,000 17.84  h.  p. 

Total  power  for  4  Beating  engine,  washer,  Jordan, 
Pumps,  Paper  Machine,  Bag  Cutter  and  Duster 67.11  h.  p. 

Elkhart  Knitting  Mills. 

2  set  48  inch  Cards,  3  Jacks,  in  all  720  Spindles,  2  Parker  Twisters,  96 

spindles  each,  4  Spoolers,  I>usters,  Dryer  and  Fan,  Stocking  Dryer 

and  Fan,  Kulp  Winders,  Hydro  Extractor,  60  Knitting  Machines. 

Power  to  drive  all  weighed  Jan.  9,  rev.  250x6=1500x425= 

637,600-^33,000 19.31  h.  p. 

Kulp  &  Umel  Planing  MilL 

Two  Rip  Saws,  Lathe,  Matcher,  Besaw,  Daniels  Planer,  26  inch  Fay  Planer, 

Molder,  Sand  Paper  Machine,  and  Sticker. 

Usual  machinery  running,  rev.  200x6  =  1200x630  =  756,000  -^ 

33,000 ;. 22.90  h.  p. 

With  every  machine  in  mill  running,  Jan.  12,  rev.  175x6= 

1060x825=866,260^33,000 26.25  h.  p. 
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C.  6.  Conn's  Musical  Instrnment  Works. 

Eyery  machine  in  works  running,   rev.,  Jan.   21,  130x9^ 

1170x320=374,400-^33,000 11.35  h*  p. 

Sage  Brothers*  Flouring  Mill,  capacity  280  tMurels  per  day. 
Deeded  right  to  use  sufficient  water  to  drive  five  runs  of  four  foot  buhra 
to  grind  15  bushels  of  red  merchantable  wheat  per  hour,  one  run  to  grind  40 
bushels  of  corn  per  hour,  also  smut  mills  and  all  necessary  machinery  to 

prepare  flour  and  meal  for  market ;  as ~ 

one  wheel  of  same  capacity  is  allowed 
for  four  runs  of  buhrs,  the  quantity 
deeded  is  sufficient  practically  to  drive 
seven  and  a  half  runs  each,  grinding 
15  bushels  of  hard  wheat  per  hour. 
Messrs.  Kulp  &  Umel  with  similar 
deed  to  two  and  a  half.  A  4  foot  buhr 
driven  by  spur  gears  was  disconnected 
from  turbine  and  connected  to  a  hori- 
zontal shaft  by  a  pair  of  bevel  gears, 
the  driver  having  56,  the  driven  42, 
teeth;  a  belt  running  horizontally  from 
another  line  of  shafting  drove  the 
stone.  The  power  scale  was  placed  on 
shi^t  close  to  gears  driving  buhr. 

Mr.  J.  W.  Lamb,  of  Constantine, 
Michigan,  an  experienced  miller,  was 
employed  to  do  the  grinding,  com- 
mencing Saturday,  19th.  After  mak- 
ing some  experiments  he  had  pulleys 
changed,  stones  redressed  and  seemed 
to  take  the  utmost  care  to  make  the 
tests  absolutely  accurate,  and  I  believe 
did  so ;  four  days  were  expended  in 
making  the  several  trials.. 

An  excellent  weir  2(>  feet  in  length 
was  used  for  moasuring  the  discharged 
water.  There  wa s  a  leakage  of  185  feet 
per  minute  to  be  deducted  from  the 
quantity  flowing  over  the  weir  indicat- 
ed by  the  depth  during  each  test  ex- 
cept the  last. 

A  48-inch  Leffel  wheel  was  used,  and 
nearly  at  its  full  cnpacity  during  the 
heaviest  tests. 

The  largest  scale  was  used,  making 
the  trials  tabled  below  so  that  the  rev- 
olution of  shaft  must  be  multiplied 
by  9  to  get  feet  the  load  is  carried ; 
that  sum  must  be  multiplied  by  the 
weight,  to  find  the  foot  pounds  ;  di- 
viding those  by  33,000  will  show  the 
work  done  in  h.  p. 

Multiply  cubic  feet  by  the  head,  and 
that  sum  by  02.34,  weight  of  a  cubic 
foot  of  water,  to  find  power  of  water 
used. 

Dividing  the  work  power  by  the  power 
of  water  will  show  useful  eifect  of  the 
turbine. 

While  making  the  experiment  it  re- 
quired the  miller's  constant  attention 
to  grind  fifteen  bushels  of  wheat  per 
hour  ;  indeed  it  was  evident  that  it 

would   be   imprRcticable  to  make   a — , — 

business  of  grinding  that  quantity »  so  it  was  found  necessary  to  do  it  upon 
two  stones,  requiring  21  h.  p.  of  water  per  each  run,  grinding  seven  and  a 
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half  bnsheUi  per  hour,  or  42  horse  power  for  grinding  fifteen  bushels,  and 
that  ten  seven  and  a  half  runs  and  two  and  a  half  eqnal  nins  for  ma- 
chinery, to  prepare  the  product  for  market,  would  equal  2iS2^  h.  p.  of 
water  for  the  quantities  deeded.  In  grinding  corn  twenty  bushels  per  hour 
was  all  that  could  be  done  well  with  forty-two  h.  p.  of  water  ;  to  grind 
the  forty  bushels  would  require  at  least  eighty-four  and  the  foil  hundred  to 
grind  and  prepare  the  meal  for  market,  making  for  the  Sage  Brothers*  mill 
3i62>^  h.  p.  Indeed  I  believe  it  will  be  impossible  under  uie  existing  con- 
ditions to  do  that  amount  of  work  with  the  quantity  named. 

Messrs.  Kulp  &  Umel  have  the  right  to  two  fifteen  bushel  runs,  and  ma- 
chinery equal  to  five  run  of  buhrs  grinding  seven  and  a  half  bushels  of 
wheat  per  nour ;  the  same  rate  entitles  them  to  one  hundred  and  five  h.  p.  of 
water. 

Allowing  the  same  rate  for  the  other  mills,  that  is,  three  h.  p.  of  water 
for  each  two  h.  p.  of  work,  Muzzy's  starch  mills  are  entitled  by  deed  to  one 
hundred  and  thirty-five  h.  p.,  the  Globe  Tissue  Paper  Co.,  ninety,  C.  G.  Conn 
and  the  Knitting  mill  each  forty-five.  These  are  common  rates,  and  the 
grinding  tests  show  the  allowance  to  be  none  too  much,  in  fact  not  enough 
unless  the  head  can  be  kept  somewhere  near  the  height  at  which  the  wheels 
are  set  for.  A  wheel  set  under  nine  feet  head  will  of  course  give  more  power 
under  ten,  but  it  by  no  means  follows  that  it  will  do  it  with  less  water. 

There  were  two  hundred  and  forty-seven  h.  p.  of  water  flowing  through  a 
break  in  the  flush  boards  on  the  dam  January  3,  current  month,  but  the  mills 
on  the  other  side  of  the  river  were  not  at  work,  yet  the  water  in  race  drew 
down  during  the  day. 

Sage  Brothers,  Kulp  &  Umel,  Tissue  Paper  Co.,  Knitting  Mill  Co.,  C.  G. 
Conn  and  Muzzy  Starch  Co.  still  have  an  unused  right  to  360  h.  p.  more  of 
water  than  they  take.  If  they  call  for  that  it  is  somewhat  difficult  to  con- 
ceive where  it  is  coming  from. 

My  record  of  measurement  of  discharge  from  turbines  used  in  the  Com- 
bination board,  Excelsior  starch  and  Elkhart  paper  mills,  proved  them  capa- 
ble of  using  flve  hundred  h.  p.  of  water,  which,  added  to  the  quantity  deeded 
to  the  other  six  mills  this  side,  make  for  the  two-thirds  this  side  the  river 
1282,  plus  641  for  the  other  side,  equaling  nineteen  hundred  and  twenty  h.  p. 
for  the  whole. 

Six  inches  water  flowing  over  dam  falling  ten  feet  evolves  about  396 
h.  p. ;  9  inches,  730  ;  12  inches,  1120 ;  15  inches,  1569  ;  18  inches,  2048. 

It  should  be  borne  in  mind  that  thoush  the  rainfall  may  be  equal  now 
to  what  it  was  fifty  years  ago,  yet  the  cultivation  and  drainage  of  the  land 
causes  a  much  more  rapid  evaporation  and  clearance  of  the  supply  than  for- 
merly. 

The  following  results  obtained  from  measurement  of  water  used  at  differ- 
ent mills  will  prove  my  allowance  for  water  to  produce  the  deeded  power  to 
be  moderate. 

The  rate  of  mills  is  based  upon  some  generally  understood  matter  per- 
taining thereto. 

Cotton  mills  upon  their  number  of  spindles ;  woolen  mills  upon  number 
of  sets  ;  paper  mills  upon  number  of  tons  made  per  day  ;  flouring  mills  upon 
number  of  barrels  of  flour  per  day.  As  the  rate  of  mill  denotes  its  value,  it  is 
not  likely  to  be  underrated,  and  there  is  often  reason  to  doubt  whether  the 
entire  amount  of  work  is  done  that  its  rate  would  indicate.  Certainly  the 
rate  is  rarely  exceeded. 

To  ascertain  how  much  power  is  required  to  grind  a  bushel  of  wheat,  it  is 
simply  necessary  to  measure  the  water  used  when  the  mill  is  doing  its  ordi- 
nary work,  and  divide  the  power  of  that  by  the  bushels  ground  per  hour. 

The  least  power  per  bushel  used  at  any  mill  that  I  have  ever  tested  was 
at  Lanesboro,  Minnesota,  Y^ite  &  Beynon  :  3.18  h.  p.  per  bushel ;  test  made 
in  1874.    New  mill  in  perfect  order.    Head  about  24  feet. 

The  following  results  made  four  years  ago  at  Mishawaka  will  show  what 
a  difference  there  is  in  such  matters,  and  it  is  necessary  that  it  should  be 
considered,  to  understand  what  is  necessary  in  the  case  in  hand. 

St.  Jobsph  Milling  Company,  Mishawaka,  July  6, 1884. 

Ordinary  discharge  of  water  S]4  feet  head  6174  cubic  feet  per  minute,  the 

gower  of  which  is  93.36  h.  p.    Capacity  of  mill  rated  100  barrels  per  day  of  24 
ours. 
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100  iMurrels  at  4U  bueihelg=460  bushels  ~-  24  hours  » 18.75  bushels  per 
liour ;  93.35  h.  p.  -f  18.75  bushels=4.97  h.  p.  of  water  per  bushel. 

BippLB  Hill,  Mishawaka,  Ind.,  July  8, 18&1. 

A.  &  J.  H.  Ebbbhabt  a  Co.,  Pbopbibtobs.— Ordinary  discharge  of 
water  9540  cubic  feet  per  minute,  the  power  of  which  is  114.08  h.  p.  Capac- 
ity of  mill  rated  13U  barrels  in  24  hours. 

130  barrels  by  4^  bushels=585  -^  24  hour8=24.4  bushels  per  hour ;  114.08 
h.  p.  -r  24.4  bushels=4.68  h.  p.  of  water  per  bushel. 

MiSHAWAKA  MlLIi,  MiSHAWAKA,  IlTD.,  July  11,  1884. 

W.  &  J.  MiLUBB,  PBOPBIETOB8.— Ordinary  discharge  of  water  1634 
cubic  feet  per  minute,  the  power  of  which  is  185.72  h.  p.  Capacity  of  mill 
rated  175  barrels  per  day  of  24  hours. 

175  barrels  x  4J4  bushels=787.5  -f-  24  hours=32.8 ;  185.72  h.  p.  -f  32.8 
bushels =5.66  h.  p.  of  water  per  bushel. 

Highgate.  Vt.,  July  4,  5  and  6,  1885.  1  measured  the  water  discharged 
from  an  excellent  tub  wheel  grinding  wheat,  the  result  vms  to  be  used  in  a 
case  in  litigation  and  special  care  was  taken. 

To  grind  the  ordinary  wheat  used  there  it  required  5.2  h.  p.  per  bushel. 
For  the  hard  red  wheat  5.9  h.  p.  per  bushel. 

Twenty  years  ago  a  revolution  was  taking  place  in  regard  to  the  best 
methods  of  utilizing  the  power  of  falling  water  ;  the  turbine  was  taking  the 
place  of  the  earlier  overshot  and  breast  wheels,  its  compactness  for  its  ca- 
pacity astonished  those  interested,  and  the  claims  for  it  were  so  extravagant 
that  manufacturers  were  bewildered  and  hardly  knew  what  to  do.  The  deeds 
of  that  and  earlier  times  also  were  often  very  indefinite. 

There  were  such  doubts  and  conjectures  about  turbines,  milling  hy- 
draulics, and  dynamics  that  a  series  of  experiments  were  instituted  for  the 
purpose  of  making  such  matters  clear.  Instruments  of  the  simplest  and 
most  accurate  effectiveness  possible  were  substituted  for  the  crude  devices 
then  in  use. 

It  was  a  common  idea  then  that  a  turbine  to  be  really  efficient  should  be 
built  for  the  head  under  which  it  was  to  work ;  that  an  aperture  would 
not  discharge  proportionally  the  same  under  different  heads  or  different 
sizes  ;  that  more  work  could  be  done  with  the  same  wheel  in  the  night  than 
in  the  day-time,  etc.,  etc. 

A  testing  flume  was  constructed  and  for  several  years  turbines  were 
tested  under  18, 12  and  6  foot  heads.  In  round  numbers  tne  wheel  that  would 
give  100  h.  p.  under  18  feet,  would  give  but  50  under  12  and  20  under  6  feet. 

A  short  experience  proved  many  common  ideas  to  be  fallacious,  the  same 
apertures  discharged  proportionally  for  any  head  and  the  turbine  that  was 

ffood  under  one  head  was  proportionally  efficient  under  all  others,  and  gave 
he  same  results  night  or  day. 

At  that  time  73  to  75  per  cent,  seemed  to  be  a  sort  of  normal  efficiency  ; 
almost  any  aspirant  for  fame  as  turbine  builder  could  reach  that  point. 

The  deeds  of  the  Elkhart  Hydraulic  Company  are  in  a  measure  based 
upon  the  merits  of  the  American  turbine,  and  as  various  kinds  are  in  use 
under  those  deeds  it  is  essential  to  show  such  to  be  equally  effective. 

The  following  results  obtained  by  tests  of  wheels  built  before  the  system 
df  testing  was  established  will  show  the  efficiency  of  the  ordinary  American 
:urbine  n>r  a  range  of  sizes  : 
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AME&ICANS  TESTED  THE  DATES  NAMED: 
Test  of  48-mch,  January  29, 1874. 


No.  of  Test. 


Whole  Gate 
Part  Gate  . . 


«4 


Head. 


17.66 
17.66 
17.76 
18.16 


Weight. 


1320 

1100 

960 

600 


Rer.p'r 
Min. 


107.8 
110.3 
104 
106 


Horse 
Power. 


86.24 
73.63 
60.61 
32.12 


Cubic 
Feet. 


3418.11 
3010.79 
2694.01 
1690.47 


Per 
Cent. 


.7696 
.7316 
.6948 
.6548 


September  29, 1873,  42-inch,  right  hand. 


Whole  Gate 

17.93 
17.98 
18.30 
18.45 

1200 
990 
650 
440 

112.6 
11«.6 
120 
119.6 

61.36 
53.32 
36.45 
23.90 

2669.85 
2218.65 
1462.72 
1213.68 

7096 

Part  Gate 

.7094 

(i       « 

.7065 

«       <i 

.5666 

October  1, 1873,  42-inch,  left  hand. 


Whole  Gate 

17.90 
18.00 
18.13 
18.43 

1100 
980 
820 
420 

118 
120 
121 
116.5 

59.00 
63.45 
45.10 

22.24 

2636.02 
2275.17 
1918.04 
1160.60 

.6882 

Part  Gate 

.6946 

<(       tt 

.6884 

t(       tt 

.5479 

November  11, 1873,  25-inch  wheel. 


Whole  Gate 

18.23 
18.30 
18.39 
18.60 

300 
260 
220 
110 

212 

207 
205 
208 

28.91 
24.46 
20.16 
10.40 

1158.24 
983.63 
880.49 
655.69 

.7244 

Part  Gate 

.7185 

tt        <( 

.6665 

X               tl 

5323 

November  12, 1873, 20-lnch  wheel. 


Whole  Gate. 
Part  Gate.. 


ii 


tt 


18.85 

130 

263.5 

14.97 

18.55 

110 

243 

12.16 

18.63 

90 

214 

9.98 

18.77 

60 

226.6 

5.13 

606.54 
628.65 
448.93 
285.15 


.6938 
.6636 
.6313 
.5072 


Whole  Gate,   1. 

3. 

5. 

7. 

9. 
11. 
13. 


tt 
'tt 
tt 
t* 
tt 
«« 


Part  Gate,  15. 
••  17. 

19. 
21 
23. 
25. 


tt 

tt 

it 


Whole  Gate, 
tt 


tt 
tt 
it 
it 
it 
tt 
tt 
tt 
tt 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11 


August  5, 1874,  60-inch  wheel. 


16.63 
15.94 
14.88 
14.82 
14.91 
14.73 
14.75 
15.02 
16.12 
16.08 
16.41 
17.88 
16.47 


88.1 

147.27 

6358.90 

.7315 

80.3 

131.40 

6220  86 

.7028 

80 

121.21 

6839.12 

.7394 

76.5 

118.22 

5849.43 

.6863 

79.5 

110.81 

5891.40 

.6690 

70.5 

111.09 

5961  ..'SS 

.6709 

74 

109.88 

5719.34 

.690K 

74.2 

110.17 

5719.34 

.6800 

76 

99.03 

4049.47 

.7018 

79.6 

82.16 

4573.00 

.6832 

80.5 

73.18 

3693.02 

.64M 

68.5 

39.43 

2296.70 

.5093 

000 

000 

5700.95 

.0000 

June  7, 1873,  48-inch  wheel. 


11.91 

700 

103.5 

43.90 

11.88 

750 

99.5 

45.22 

11.86 

800 

96.5 

46.30 

11.92 

850 

96.5 

49.41 

11.89 

870 

90.5 

47.11 

11.90 

900 

88 

48.00 

11.87 

920 

86.8 

48.40 

11.88 

940 

81.5 

48.13 

11.92 

960 

83 

48.29 

11.92 

860 

88.5 

46.43 

11.92 

880 

90.5 

48.26 

2702.80 
2725.28 
2763.94 
2845.02 
2835.26 
2841.77 
2857.54 
2867.85 
2874.38 
2812.50 
2841.77 


Average  per  cent,  under  most  favorable  conditions,  .7232. 


.7224 
.7398 
.7482 
.7484 
.7383 
.7525 
.7565 
.7489 
.7491 
.7535 
.7516 
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Leffel  30-Inch,  Tested  in  1872. 


Ko.  of  Test. 


Whole  Qate,   1 
3 

"  6 

«  7 

"  9 

"  11 

"  13 

"  16 

«  17 

"  19 

"  21 

"  23 

"  26 

"  27 

H  Gate,  29 

H      "  31 


Head. 

Weight 

Rev.  p*r 
Min. 

Horse 
Power. 

Cubic 
Feet. 

15.60 

300 

201 

27.41 

1429.12 

15.64 

320 

194 

28.22 

1466.67 

15.48 

340 

187 

28.90 

1463.74 

15.426 

360 

181.6 

29.70 

1469.87 

15.41 

380 

176 

30.23 

1469.87 

15.395 

400 

176 

31.82 

1471.92 

15.38 

420 

162.6 

31.02 

1471.92 

16.38 

440 

151.6 

30.30 

1471.92 

16.37 

476 

136.5 

29.26 

1469.87 

15.32 

405 

m.6 

28.99 

1461.76 

15.336 

416 

161 

28.48 

1465.78 

15.33 

416 

154 

29.06 

1466.78 

15.33 

496 

162 

20.82 

1461.69 

15.31 

416 

164 

29.05 

1463.74 

15.65 

300 

161 

21.95 

1106.73 

16.037 

180 

166 

13.13 

637.42 

Per 

Cent. 

.650 
.662 
.676 
.693 
.706 
.743 
.726 
.708 
.686 
.686 
.666 
.683 
.704 
.687 
.664 
.591 


Victor  Turbine,  Made  by  Stilwell  &  Bierce,  Dayton,  Ohio, 

Tested  the  Dates  Named. 


Test  of  a  25-inch  wheel,  July  25, 1877. 


No.  of  Test. 


Whole  Gate. 
Part  Gate.. 


Head. 

18.07 
18.04 
18.13 

Weight 

Rev.  p'r 
Min. 

Horse 
Power. 

Cubic 
Feet. 

625 
600 
500 

200 
198 
208 

56.81 
54.00 

47.27 

2214.55 
2208.44 
1964.67 

Per 
Cent. 

.7533 
.7192 
.7042 


Test  of  a  26-iuch  wheel,  July  26, 1877. 


Whole  Qate. 
Part  Gate.. 


tt 


18.33 

500 

246 

37.27 

1387.27 

18.41 

425 

269 

34.64 

1284.30 

18.43 

390 

246 

29.07 

1145.59 

7.97 

76 

246 

5.59 

757.93 

.7777 
.7774 
.7305 
.4911 


Test  of  a  16-inch  wheel,  March  26, 1878. 


Whole  Gate 

18.34 
18.10 
18.39 
18.74 

300 
300 
160 
100 

323 
321.5 
326.5 
320 

29.36 

29.22 

15.83 

9.09 

974 
970 
755 
492 

.8705 

Part  Gate 

.8808 

(i        «< 

.6036 

.  «»        11    ^^^^ 

.5220 

Eclipse  Double  Turbine,  Manufactured  by  the  same  Co. 


Test  of  a  30-inch  Eclipse  wheel. 


'ev.p'r 
Minute. 


1S4.5 

170 

173.6 

165 

166.6 


H.  P. 


33.86 
31.66 
24.44 
18.00 
12.11 


Cubic 

Per 

feet. 

Cent. 

1253 

.7628 

• 

1214 

.7280 

1026 

.6497 

862 

.5786 

699 

.4779 

It  will  be  seen  by  the  tabled  tests  of  wheels  that  the  American  is  not  ex- 
ceptionally economical,  nor  is  it  possible  for  any  wheel  to  be  economical 
where  there  is  a  variation  in  the  head  of  ontvthird,  tliough  of  course  a  good 
part  gate  wheel  is  better  than  one  only  efficient  at  whole  gate.  ITiere  is  an 
idea  that  turbines  discharge  60  per  cent,  of  the  theoretical  quantity  due  their 
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openings.  The  idea  originated  fromol)6olete  wheels  of  the  Fourneyron  type. 
Of  the  modern  wheels  I  haye  had  care  of  tabling  hundreds,  yet  have  never 
known  of  one  reaching  55  per  cent,  of  its  opening  ;  62  pertiaps  is  a  fair  aver- 
age, 49  about  all  the  American  can  do. 

An  aperture  that  will  measure,  will  discharge  a  trifle  short  of  60  per  cent, 
but  such  aperture  can  never  be  used  in  a  forebay  to  determine  the  quantity 
of  water  used  in  a  mill  ;  it  is  absolutely  impracticable  for  that  purpose. 

A  weir  in  forebay  is  also  irapracticabie  unless  a  manager  stands  beside  it 
at  all  times  to  give  the  proper  depth  for  quantity,  and  then  only  at  a  serious 
loss  of  head,  and  if  such  weir  is  placed  below  discharge  of  wheel,  it  aJso 
causes  such  loss  of  head  that  wheels  subject  to  such  changes  can  never  be 
economical. 

To  divide  water  in  proportion  to  ownership  at  dam  or  conduit  with  weir 
belongs  to  the  ideas  of  the  past.  The  water  may  go  through  one  opening  two 
feet  per  second,  the  other  six,  depending  upon  the  size  of  wheels  below.  It 
is  true  that  the  water  cannot  be  drawn  below  crest  of  weir  by  either  party, 
but  the  one  with  the  most  capacious  wheel  will  take  water  in  proportion, 
and  the  expense  of  weir  may  be  saved  by  fixing  upon  a  mark  below  which 
the  water  shall  not  be  drawn. 

A  gate  and  float  arrangement  may  be  put  in  flume  or  forebay  by  which 

{)roportion  or  quantity  of  water  may  be  delivered  without  perceptible  loss  of 
lead,  the  whole  working  automatically  ;  and  while  the  quantity  due  is  ad- 
hered to  the  gate  will  stand  open,  but  if  more  is  attempted  to  be  taken  the 
fate  closes  in  proportion,  and  a  proportional  loss  of  head  results,  though  the 
ull  quantity  of  water  is  still  supplied.  The  arrangement  is  simple  aiuf  more 
accurate  than  a  weir,  and  with  it  the  head  U  invariably  kept  at  a  standard 
height ;  if  the  supply  is  sufficient,  it  is  given  in  full,  if  not,  in  proportion. 

With  such  an  arrangement  and  good  wheels  water  may  be  econondzed  to 
the  highest  practicable  extent. 

More  precaution  will  be  used  in  the  selection  of  wheels  when  the  fact  be- 
comes understood  that  turbine  building  is  not  a  science,  it  is  simply ' '  cut 
and  try.'*  There  are  some  who  can  do  better  than  others,  but  the  best  can- 
not go  to  work  and  be  perfectly  sure  to  reach  the  results  aimed  at,  and  how- 
ever well  one  may  do  liimself  he  cannot  teach  another  how  to  do  the  same. 
Owing  to  uncertain  causes,  such  {is  warping  of  patterns,  shrinking  or  expan- 
si<mof  cjistings.  turbines  made  from  the  sam^  patterns  often  differ  exceed- 
ingly in  useful  etfect.  Large  wheels  in  particular  are  the  most  likely  to  fail 
because  the  expense  has  prevented  experimenting  upon  them.  A  case  that 
almost  every  manufacturer  of  twenty  years'  experience  will  recall  may  in- 
terest, it  is  of  the  Manville,  R.  I.,  mill  so  profusely  illustrated  in  the  Leffel 
circular  fifteen  years  since.  The  artist  drew  somewhat  upon  his  imagina- 
tion. The  mill  is  shown  with  four  84-inch  wheels,  while  it  never  hatf  but 
three,  those  being  helped  out  by  an  engine  of  43<)  indicated  h.  p.  The  tabled 
power  of  the  three  84-inch  wheels  and  the  430  h.  p.  engine  rate  something  like 
1700  h.  p.  The  manager  ran  under  those  conditions  many  years,  then  applied 
to  me  about  procuring  another  $4-inch  Leffel  or  some  other  of  like  capacity 
In  the  ctmversation  that  ensued,  the  question  of  power  was  raised  and  I  told 
him  that  the  whole  mill  did  not  need  hOO  h.  p.  The  idea  was  poohed  at,  but 
a  test  soon  proved  that  fact,  and  the  only  thought  since  has  been  to  exchange 
and  get  better  turbines  of  less  size  but  greater  efficiency. 

Intelligent  co-operation  between  those  who  let  and  those  who  use  power 
will  prevent  litigation  and  increase  by  far  the  effectiveness  of  the  power 
used.  But  to  do  thi.«  it  must  be  borne  in  mind  that  a  tnrBine  runs  at  a  rela- 
tive velocity  w^ith  the  water  that  propels  it,  and  can  only  do  its  best  work  at 
one  point  for  a  given  head,  and  declines  rapidly  either  way  at  any  deviation 
from  that  head  ;  unless  the  wheel  is  exceptionally  good  atipart  gate. 

Yours  truly, 

JAMES  EMERSON. 
Elkhart,  Ind.,  January  30, 1889. 
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Division  or  Measurement  of  Water  Power. 

The  time  can  not  be  distant  when  those  interested  mil  look  back  and  smile  at 
the  crude  methods  continned  in  use  up  to  this  time  to  determine  the  quantRy  of 
water  used  by  the  different  parties  taking  power  from  the  same  fall — methods 
well  enough  a  half  century  since,  when  the  most  of  such  power  wag  running  to 
waste,  but  simply  ridiculous  now,  when  the  demand  is  far  beyond  the  supply. 

The  float  method  in  use  at  Lowell  can  hardly  be  considered  anything  more 
than  a  preliminary  to  guessing  at  the  quantity  used.  It,  however,  does  not 
interfere  with  the  operations  of  the  mills,  but  any  agent  may  favor  his  discharge 
while  such  measurement  is  being  made,  and  there  were  rumors  that  such  cases 
occurred  at  times.  Mr.  Francis  has  seemed  ready  to  adopt  a  better  plan,  when- 
ever such  is  found,  though  his  many  cares  have  prevented  him  from  experiment- 
ing personally  for  the  purpose  of  developing  one. 

There  are  or  were  various  methods  in  use  at  Lawrence — wiers  here,  shanties 
there ;  weirs  to  measure  leaks,  a  weir  to  test  the  tester — examinations  of  appa- 
rent gate  opening,  examinations  in  every  conceivable  place  except,  perhaps,  the 
right  one.  Yet,  what  would  the  whole  amount  to  in  case  those  interested  should 
combine  for  the  purpose  of  deceiving  those  making  the  measurements?  It  is 
not  likely  that  such  a  combination  exists,  but  a  method  that  can  be  affected  in 
that  way  is  a  very  imperfect  one,  and  the  use  of  such  indicates  the  lack  of  the 
••  fertility  in  expedients  "  necessary  to  meet  emergencies  so  common  in  the  engi- 
neering business.  The  continued  dependence  upon  old  foreign  metho'ds  is  dis- 
creditable alike  to  those  having  charge  of  the  immense  water  powers  of  this 
country  and  the  ingenuity  of  our  people. 

Several  years  ago,  and  before  any  arrangements  were  made  for  measuring  the 
power  at  Holyoke,  I  advised  the  agent  of  the  Water  Power  Co.  to  arrange  to 
measure  the  discharge  from  the  mills,  then  being  constructed,  in  the  tail-race  of 
each ;  also  to  have  all  wheels  that  were  to  be  used  in  Holyoke  tested  before  being 
set  in  the  wheel-pits  for  which  they  Kere  designed.  Reflection  soon  caused  me  to 
abandon  ideas  so  crude.  Measurements  in  the  tail-race  reduce  the  head  and 
change  the  discharge  and  conditions  generally,  notifies  the  party  interested  of 
what  is  being  done,  and  gives  a  chance  to  reduce  the  work  and  favor  the  dis- 
charge of  water. 

To  attempt  to  determine  the  discharge  of  a  wheel  in  a  mill  by  comparison 

'  with  a  previous  discharge  in  a  testing  flume,  when  the  wheel  was  new  and  in 

perfect  condition,  would  be  unjust  to  both  parties  interested.    Because  a  wheel 

can  discharge  5000  cubic  feet  per  minute,  it  by  no  means  follows  that  quantity  is 

used  in  the  mill.  A  larger  wheel  is  invariably  put  in  than  actually  required,  to 
have  a  surplus  power  for  emergencies.  The  buckets  and  chutes  of  a  wheel  soon 
become  rough,  get  broken,  become  clogged,  or  it  would  require  but  little  inge- 
nuity to  so  change  the  gate  arrangement  as  to  deceive  completely  as  to  the  state 
of  gate  opening.  Any  pretense  of  giving  the  discharge  of  one  wheel  by  com- 
parison with  that  found  oy  test  of  another  of  the  same  make,  could  only  be  done 
by  ignoring  the  knowledge  gained  from  a  dozen  years  of  constant  experience  in 
turbme  testing,  namely:  That  builders  are  constantly  changing  their  plans; 
still  further,  that  two  wheels  designed  to  be  exactly  alike,  made  from  the  same 
pattern,  often  vary  wildly  in  their  discharge.  In  short,  the  adoption  of  such  a 
plan  for  measurement  would  have  been  the  acknowledgment  of  such  ignorance 
and  incompetency  in  such  matters,  that  I  advised  a  series  of  experiments  for  the 
purpose  of  finding  an  accurate  but  simple  and  inexpensive  plan  for  measure- 
ment of  the  water  used  by  manufacturers,  free  from  interference  with  the  work 
of  the  mill,  or  that  could  be  affected  by  parties  interested.  The  purpose  was 
suggested  in  the  last  edition  of  this  worK,  in  the  description  of  the  Ilolyoke 
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Testioff  Flume.  It  is  a  pleasure  to  state  that  that  pnrpose  has  been  accom- 
plished by  the  finding  of  a  simple  automatic  method  by  wnieh  the  water  flowing 
over  any  fall  may  be  accurately  measured  or  divided,  so  that  each  owner  can 
have  the  exact  quantity  belonging  to  him  and  no  more,  unless  by  consent  of  the 
others.  The  operation  is  continuous.  An  illustration  of  the  plan  may  be  seen 
upon  next  page. 

D  represents  the  ordinary  head  gate  to  race,  raised  sufficiently  to  supply  the 
mill  and  keep  the  water  to  its  proper  height.  K  represents  a  wicket  gate  placed 
in  the  lower  end  of  race  and  near  penstock,  in  which  the  turbine  stands.  T,  a 
cylindrical  tank,  with  a  square  recess  on  one  side  near  the  bottom.  In  this  re- 
cess there  arc  two  openings :  one  to  let  the  water  in,  and  another  to  let  it  out 
down  through  the  pipe,  C,  shown  by  dotted  lines.  These  openings  are  opened  or 
closed  by  the  swinging  cover  or  valve,  c,  which  works  noon  the  center  pivot,  t. 
The  valve  is  connected  to  the  float,  F,  by  a  rod  connectca  at «.  In  the  tank,  T, 
there  is  placed  the  float,  N,  which  has  a  rigid  central  shaft  projecting  upwards, 
connecting  at  the  upper  end  to  the  wicket  gate,  K,  by  the  bell  crank,  A,  and 
rod,  B. 

OFBBATION. 

The  head  gate,  D,  is  raised  sufficiently  to  keep  the  canal,  race  or  flume  filled 
to  a  fixed  water  level,  when  the  quantity  agreed  upon  is  being  used.  The  float 
buoy,  F,  is  half  submerged  at  that  time,  and  both  the  openings  in  the  tank,  T» 
are  closed  or  opened  alternately  in  a  slight  degree  with  the  oscillations  of  the 
surface  water  acting  upon  the  float,  F.  The  wicket  gate  is  kept  at  a  fixed  open- 
ing so  long  as  the  draught  is  constant.  Suppose,  however,  tlie  mill  owner 
attempts  to  take  more  than  agreed  upon,  and  opens  his  wheel  gates  accordingly? 
The  velocity  of  water  in  the  race  instantly  increases,  the  surface  level  drops,  and 
with  it  the  float,  F,  which  opens  the  inlet  to  the  tank,  T,  and,  as  that  fills,  the 
floating  buoy,  N,  rises,  and  the  wicket,  K,  closes  until  the  velocity  is  checked 
and  the  surface  level  is  restored  to  its  proper  position.  If  it  becomes  too  liigh, 
the  float,  F,  opens  the  outlet  and  the  water  in  tank,  T,  is  discharged  down 
through  the  pipe,  C,  shown  by  dotted  lines.  This  opens  the  wicket  more,  so 
that  the  quantity  due  the  mill  is  always  ready,  if  the  general  supply  is  suflicient ; 
if  not,  then  all  the  head  ^ates  upon  the  fall  are  to  be  opened  in  proportion,  so 
that  each  mill  will  invariably  get  its  share.  If  one  attempts  to  take  more,  he 
will  simply  lose  power  througn  loss  of  head,  in  proportion  to  the  quantity  he 
unjustly  tries  to  appropriate. 

To  measure  or  deliver  a  given  quantity,  it  is  only  necessary  to  adjust  the 
wicket  gate  in  unison  with  tne  proper  surface  level  until  the  discharge  is  the 
exact  quantity  agreed  upon,  which  may  be  determined  by  a  weir  below,  or  in 
any  manner  that  may  be  selected;  then,  when  the  discharge  is  right,  secure  the 
wicket  gate  and  floats  in  a  manner  be^'ond  chance  for  change,  unless  by  consent. 

The  method  is  not  theoretical,  for  I  have  had  it  in  use  many  months  and  have 
watched  its  operation  daily.  It  is  sensitive  far  beyond  my  anticipations  when 
first  planned.  It  may  .be  easily  applied  to  the  turbines  or  other  devices  used 
to  operate  head  or  overflow  gates.  With  its  aid  the  surface  level  in  a  canal  or 
race  may  be  kept  constant,  so  that  the  most  perfect  economy  is  practicable,  for 
it  prevents  the  drawing  down  of  head  and  the  use  of  an  unnecessary  quantity  of 
water  to  make  up  therefor.  It  will  not  strike  for  higher  pay,  go  to  sleep,  or 
become  careless.  I  believe  it  to  be  perfectly  practicable  for  measuring  or  divid- 
ing water  used  for  power  under  any  condition  likely  to  occur,  and  far  more  accu- 
rately and  cheaply  than  any  other  plan  known. 

By  using  a  hanging  balanced  gate,  like  Fig  2,  and  which  maybe  operated  sub- 
stantially as  the  wicket  described,  a  perfect  aperture  discharge  maybe  obtained. 
Such  a  gate  may  be  used  temporarily  at  almost  any  mill,  as  now  arranged,  and 
at  any,  as  they  may  be  arranged ;  so  that  wheels  may  be  tested  in  the  mills  where 
they  are  used,  without  detention,  instead  of  necessitating  a  testing  flume  made 
purposely  for  such  tests. 

A  special  testing  flume  in  the  future  can  only  denote  incompetency,  for  every 
mill  may  and  should  be  a  perfect  testing:  apparatus  by  which  the  slightest  defect 
in  efliciency  or  power  should  instantly  be  made  apparent.  Competition  will 
soon  compel  gn"eater  economy  in  manufactures,  and  particularly  in  the  power 
refjuired ;  and  certainly  a  vast  saving  is  possible  in  that,  for  there  are  thousands 
and  tens  of  thousands  of  tons  of  coal  annually  consumed  in  the  New  England 
States  alone,  to  make  up  for  the  water  power  wasted  through  ignorance  or  thrift- 
less management. 
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Turbine  Aer&inst  Breast  Wheel. 
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Before  taking  the  breast  wheel  out,  it  was  tested  by  grinding  com  and  measur- 
ing  water  below.  The  stones  were  sharp  and  in  good  condition.  The  head  was 
1.2  feet ;  gates  opened  in  full.  Ground  old  com  coarse,  but  very  sharp,  clean,  even 
grit  meal.  The  change  was  made ;  then  the  turbines  were  tested  in  the  same 
"way,  but  I  think  the  corn  stones  were  not  in  so  good  condition  as  when  the 
breast  wheel  was  tried,  but  may  be  mistaken.  New  com  was  ground  with  the 
25-incli  turbine.  The  coarsest  part  of  the  meal  was  as  near  like  that  ground  b^ 
the  breast  wheel  as  was  possible  to  make  it ;  but  it  was  uneven,  much  of  it 
being  quite  fine.  Tliis  was  attributed  to  its  being  made  from  new  com.  The 
miller  made  every  effort  to  make  the  trial  fair.  The  results  are  given  below. 
The  rye  stone  was  driven  by  the  20-inch  wheel,  the  gate  being  opened  about 
two-thirds — all  that  could  be  used.  The  flour  produced  was  the  nicest  I  have 
ever  seen  made  from  rye. 

Test  of  Breast-Whe^l,  at  Full  Gate. 

Ilead,  12  feet;  length  of  weir,  10  feet ;  depth  on  weir,  8  13-16  inches;  quantity 
of  water,  1239  cubic  feet  per  minute;  28.08  horse  power.  Ground  2050  pounds 
per  hour,  or  1.3  bushels  per  each  horse  power  of  water  used. 

Test  of  25-Inch  New  American  Wheel, 

It  having  replaced  the  above-mentioned  breast  wheel.    Head  and  length  of  weir 

the  same. 

Jfull  (rote.— Depth  on  weir,  8  15-16  inches ;  1266  cubic  feet  per  minute ;  28.7 
horse  power.  Ground  3528  pounds  per  hour,  or  2.2  bushels  per  each  horse 
power  of  water  used. 

Gate  Opened  Tkoo-thirda. — ^Depth  on  weir,  7  15-16  inches ;  1059  cubic  feet  per 
minute;  24  horse  power.  Ground  2900  pounds  per  hour,  or  2.15  bushels  per 
each  horse  power  of  water  used. 

Gate  Half  Opened. — Depth  on  weir,  7  inches;  879  cubic  feet  per  minute ;  19.9 
horse  power.  Ground  2^  pounds  per  hour,  or  2.1  bushels  per  each  horse 
power  of  water  used. 

Test  of  20-Inch  New  American  Wheel  in  Same  Mill. 

Depth  on  weir,  6J  inches;  789  cubic  feet;  17.9  horse  power.  Ground  four 
bushels  of  rye  in  seventeen  minutes,  or  14.1  bushels  per  hour.  Eighty  per 
cent,  of  power  of  water  used ;  14.3  horse  power,  or  substantially  a  bushel  per 
horse  power. 

After  a  few  weeks'  time,  the  proprietors  sent  me  a  barrel  of  **  Pillsbury's  best." 


Burning  or  Wearing  Down  of  Step 

May,  and  docs  happen  with  any  make  of  turbines.  Two  turbines  of  the  same 
make,  seemingly  exactly  alike,  and  placed  in  a  pit  side  by  side,  the  step  of  one 
may  wear  down  moutlily,  the  other  not  at  all.  The  cause  was  attributed  to 
pressure  from  downward  discharge ;  but  if  eighty  per  cent,  is  usied  to  rotate 
wheel,  the  other  twenty  would  be  no  more  w^eight  with  downward  than  any 
other  discharge.  The  Swain  was  noted  for  wearing  down  step.  I  knew  of  one 
21-inch  wheel  that  had  nineteen  steps  in  thirteen  months.  Others  of  the  make 
had  to  be  suspended  by  collars  on  shaft.  A  36-inch  wheel  of  the  kind  was 
sent  to  me  to  be  tested.     A  collar  that  should  have  been  on  to  keep  wheel  in 

Clace  was  left  off.  When  the  gate  was  opened,  the  pressure  raised  the  wheel  and 
rake,  and  it  was  impossible  to  test  it  until  one  hundred  and  fifty  pounds  were 
added  to  the  brake  to  keep  the  wheel  down  upon  the  step.  The  Boydcn  wheels 
used  at  Lowell  are  suspended  by  neck  on  shaft,  as  are  the  Kilburn  &  Lincoln 
wheel  of  Fall  River.  The  Risdon  has  a  counterpoise  above  the  wheel,  drum- 
shaped  (see  his  new  wheel).  Many  plans  have  been  tried.  A  common  one  is  to 
channel  top  of  step ;  another  is  to  lead  water  from  the  penstock  through  a  piece 
of  %-inch  steam  pipe,  to  bottom  of  step— a  hole  up  through  first  being  made ; 
some  chamber  the  lower  part  of  step,  then  make  numerous  small  holes  up 
through,  like  the  top  of  a  pepper-box,  taking  water  from  the  flume  tlirougb 
pipe.  Great  weight  upon  the  step  in  the  way  of  shafting,  gearing^)  &c.f  should 
be  avoided  when  possiblet 


86 


Railroad  SufirerestioiiB. 

It  may  be  said  that  such  snggestions  are  out  of  place  in  a  work  of  this  kind, 
but  my  experience  has  been  gained  from  experiments  made  in  many  parts  of  the 
country — often  in  yery  distant  parts — and  the  railroads  have  much  to  do  with 
my  ability  to  obtain  such  experience,  consequently  are  part  of  the  instruments  I 
work  with. 

The  rather  common  practice  of  rousting  car-loads  of  passengers,  when  col- 
lisions or'other  accidents  occur  upon  our  railroads,  has  caused  an  agitation  of 
the  subject  of  car-heating.  Safety  as  well  as  comfort  is  desired.  The  ancient 
sind  semi-barbarous  plan  of  placing  a  stove  at  each  end  fails  to  give  either,  while 
such  stoves  take  space  for  eight  seats,  disfigure  and  injure  the  cars,  half  roast  a 
few  near  them,  leaving  the  larger  proportion  to  sit  with  cold  feet  and  generally 
uncomfortable  throughout  the  passage.  Why  not  have  a  boiler  for  heating 
placed  in  the  baggage  car,  to  furnish  steam  for  heating  the  passenger  cars  with 
safety  ? 

Another  want,  is  light  trains  between  commercial  centres  and  neighboring 

cities— trains  that  may  readily  be  stopped  and  started,  something  as  horse-cars 

are;  that  is,  within  reasonable  distances.     Such  trains  should  be  made  up  of 

light  engines  and  cars,  and  have  commutation  fares.    With  such  in  operation, 

there  would  be  no  need  of  the  heavy  or  through  trains  stopping  so  often.    The 

manager  of  the  ordinary  railroad  should  feel  ashamed  to  have  a  horse-railroad 
run  for  miles  alongside,  as  from  Boston  to  L3'nn,  and  pay  expenses. 

Sunday  trains  on  all  roads  are  also  much  needed.  Those  who  object  to  such, 
are  inii)racticable  persons,  who  do  it  through  ignorance,  and  without  considera- 
tion of  the  changes  that  have  taken  place  smce  the  Jewish  Sabbath  was  institu- 
ted. At  that  time,  labor  was  continued  for  from  fourteen  to  sixteen  hours  per 
day ;  indeed,  it  is  within  the  memory  of  those  of  middle  age,  when  the  hours  of 
labor  were  nearly  the  same  in  the  New  England  States.  As  a  day  for  rest,  Sun- 
day has  no  such  claim  21s  formerly.  The  God  of  Moses  had  reason  for  requiring 
such  a  day;  but  the  God  of  to-day  has  not.  Besides,  ages  of  experience  has 
proved  that  He  lias  been  cheated  constantly,  for  the  most  bigoted  believer  has 
never  hesitated  to  lie  in  bed  three  hours  later  Sunday  than  other  mornings;  tlien, 
at  evening,  say :  "  Well,  boys,  we  have  got  a  hard  day's  work  to  do  to-morrow, 
so  we  must  go  to  bed  early."  All  nature  ignores  the  day :  tlie  billows  rage  as 
fiercely,  the  thunder  is  as  loud,  the  tempest  is  as  destructive,  the  blossoms  as 
beautiful,  vegetation  and  animal  life  as  progressive  upon  that  as  upon  any  other 
day  in  the  week.  In  Moses'  time,  families  and  tribes  were  separated  but  little. 
IIow  different  now !  Business  necessities  often  separate  the  nearest  relations. 
The  father  of  a  family  is  often  hundreds  of  miles  away.  It  has  happened  thiTc 
times  in  my  own  experience  that  telegrams,  announcing  the  dying  condition  of 
members  of  my  family,  have  been  received  late  Saturday  evening,  and  it  is  not 
likelv  my  experience  in  that  way  is  exceptional.  Those  who  desire  to  observe 
the  day  as  sacred,  should  be  allowed  to  do  so  without  hindrance;  but  it  is  very 
different  when  such  believers  try  to  compel  all  others  to  do  the  same.  Our  pris- 
ons are  filled  with  theoretical  believers  in  the  idea,  if  we  may  judge  from  the 
declarations  of  those  about  to  be  hanged  for  murder.  If  such  is  the  effect  of  be- 
lieving one  day  better  than  another,  would  it  not  be  better  to  teach  that  sdl  days 
are  good,  and  mix  religion  with  business? 


Water  Supply  for  Cities. 

Now  that  there  is  a  general  complaint  of  M'aste  of  water,  and  apprehension 
that  the  supply  will  soon  be  much  less  than  the  demand,  would  it  not  be  well  to 
have  a  high  service  for  extinguishinir  fires,  and  a  low  one  for  domestic  use,  or 
have  the  diseharge  for  the  latter  retarded?  The  unthinking  user  leaves  a  fau'^l 
open  just  as  long:,  in  most  cases,  where  the  pressure  is  a  hundred  pounds  f  ^r 
inch  as  where  it  is  only  five  or  ten. 
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Apparatus  for  Regulating  the  Flow  and  DeliTery 
of  Water  Through  Canals,  Flumes,  and 

Water-Ways. 

Specification    Forming  part   of   Letters  Patent   No.  275,371, 

dated  April   10,   1883. 


The  object  of  my  invention  is,  first,  to  maintain  water  in  a  canal  or  water- 
way at  a  uniform  height  during  its  passage  to  the  outlet  or  flume  ;  second, 
from  this  established  uniform  height  of  water  in  the  canal  or  water-way  to 
make  a  proportional  division  of  the  water  at  the  outlets,  giving  to  each  con- 
sumer of  water  at  his  respective  outlet  the  amount  of  water  to  which  each  is 
entitled,  or  a  proportional  amount  of  the  whole  to  which  each  is  entitled ; 
third,  to  measure  the  amount  given  to  each  ;  and,  fourth,  to  prevent  any  one 
of  the  consumers  from  using  any  more  water  than  he  is  entitled  to,  the 
whole  apparatus  operating  automatically,  and  being  based  on  the  Jixed  law 
that  any  given  velocity  qf  water  is  acquired  through  a  corresponding  loss  of 
head. 

This  apparatus  is  apjplicable  to  be  used  at  falls  where  the  water  is  owned 
by  several  parties  and  is  to  be  proportionally  divided  between  them.  It  is 
also  applicable  for  use  where  the  water  is  owned  by  one  company  or  owner, 
and  is  sold  or  leased,  and  a  stated  quantity  is  to  oe  measured  out  to  each 
purchaser  or  to  each  party  leasing.  It  is  also  applicable  for  use  for  govern- 
ing the  flow  of  water  from  reservoirs,  where  water  is  stored  for  irrigation  or 
for  manufacturing  purposes,  and  also  for  regulating  the  height  of  water  in 
rivers  or  ponds  to  prevent  backflowage  in  cases  where  movable  dams  or  flush- 
boards  are  employed.  I  accomplish  these  objects  by  the  apparatus  substan- 
tially as  hereinafter  described,  and  illustrated  in  the  accompanying  draw- 
ing, in  which— 

Figure  I.  is  a  plan  view  representing  a  canal,  and  showing  my  invention  as 
applied  to  the  operation  of  wicket-gates,  or  those  pivoted  in  a  vertical  posi- 
tion at  one  end  of  the  canal,  for  the  head-gates,  and  also  at  the  other  end, 
or  at  the  flumes,  where  the  water  would  be  drawn  from  the  canal  and  used 
for  manufacturing  or  other  purposes.  Fig.  II.  is  a  vertical  section  of  the  same 
at  line  A  of  Fig,  I.  Fig.  III.  is  a  plan  view  representing  a  canal  provided 
with  vertical  sliding  hea^-gates  at  one  end,  and  the  gates  at  the  other  end  or 
in  the  flumes,  where  the  water  would  be  drawn  from  the  canal  for  use,  being 
pivoted  to  or  hung  upon  a  bar  placed  in  a  horizontal  position.  Fig.  IV.  is  an 
enlarged  plan  view  of  a  flume  and  draft-tube,  with  a  swinging  gate  hung  in 
said  flume  and  operated  according  to  my  invention  in  dividing  and  measur- 
ing the  water  drawn  from  the  canal  through  said  flume.  Fig.  V.  is  a  part 
vertical  section  of  the  same  at  line  B  of  Fig,  IV.,  showing  the  swinging  gate 
and  the  lifting-float  which  operates  it  and  uie  draft-tube. and  also  a  part  ver- 
tical section  at  line  D  of  Fig.  IV.,  showing  the  construction  of  the  governing- 
float  which  operates  the  valve  controlling  the  flow  of  water  into  and  out  of 
the  tank  containing  the  lifting-float.  Fig,  VI.  is  a  vertical  section  of  the  valve 
and  its  case,  which  controls  the  flow  of  water  into  and  out  of  the  tank  con- 
taining the  lifting-float,  at  line  E  of  Fig.  V.  Figs, VII.,  VIII,,  and  IX.  are  sec- 
tional views  representing  details  of  the  valve  and  its  case  as  applied  to  and 
used  at  the  flumes  or  outlets  of  the  canal. 

In  the  drawings,  let  1  represent  the  side  walls  of  a  canal  or  water-Avay,  at 
one  end  of  which  is  made  the  ordinary  bulk-head,  as  6,  provided  with  gates, 
as  2,  to  admit  the  water  into  the  canal  or  water-way  when  opened  for  that 
purpose. 

The  ordinary  head-gates  may  be  used  ;  but  in  this  application  I  have  shown 
pivoted  gates,  as  being  more  etisily  operated,  this  class  of  gates  being  shown, 
as  at  4,  pivoted  at  5  in  the  bulk-head  at  one  end  of  the  canal,  1,  and  in  the 
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flumes  at  the  opposite  end  of  the  canal,  in  Figs.  I.  and  II.  In  the  use  of  this 
piToted  gate  to  control  the  flow  of  water,  the  gate  being  set  in  an  upright 
position  to  turn  upon  its  post  5  as  a  pivot,  an  arm,  as  6,  is  secured  to  its  up- 
per end,  to  which  is  attached  a  horizontal  rod,  7,  connected  with  one  arm  of 
a  bell-crank  lever,  8,  pivoted  at  9,  the  other  arm  being  connected  with  a  ver- 
tical rod,  as  10,  extending  through  the  top  of  a  tank  containing  a  float,  13,  to 
which  the  lower  end  of  the  rod  10  is  secured.  A  smaller  tank,  as  15,  is  made 
upon  or  is  so  connected  with  the  canal  or  its  side  wall  that  the  water  may 
flow  freely  into  said  tank,  either  by  making  the  side  next  the  canal-wall 
open,  as  at  14,  or  by  connecting  said  tank  with  the  canal  by  a  pipe,  with  its 
end  opening  into  the  canal,  so  that  the  water  of  the  canal  may  flow  through 
said  pipe  into  the  lower  portion  of  the  tank  to  fill  the  latter  up  to  the  same 
level  as  the  water  in  the  canal.  This  tank,  as  15, 1  make  preferably  of  rect- 
angular form,  and  it  contains  a  float,  16,  wnich  I  make  of  a  form  in  horizon- 
tal section  to  fit  approximately  the  interior  of  the  tank,  but  so  that  the  float 
may  move  up  and  down  freely,  but  not  revolve  therein.  This  float  may  be 
made  of  any  suitable  buoyant  material ;  but  I  prefer  to  make  it  of  some  thin 
sheet  metai,  and  hollow,  and  perfectly  water-tight.  A  socket,  as  24,  extends 
vertically  through  this  float,  through  which  extends  a  rod,  17,  whose  upper 
end  has  a  screw-thread  made  thereon,  adapted  to  receive  a  nut,  as  18,  turned 
on  to  the  upper  end  of  the  rod,  with  a  shoulder.  A,  above  and  below  the  float, 
and  this  rod  17  extends  down  through  the  bottom  of  this  tank  15,  with  its 
lower  end  attached  to  an  arm,  20,  secured  to  the  hub  of  a  valve,  73,  inclosed 
within  and  fltting  a  cylindrical  valve-case,  19,  the  hub  extending  out 
through  the  case  at  its  axis.  This  valve-plug  fits  the  interior  of  the  case,  so 
as  to  move  freely  therein,  and  is  approximately  of  semi-cylindrical  form,  of 
sufficient  extent  in  its  circumference  to  cover  the  inlet  and  outlet  ports  in  the 
case,  and  a  pipe,  21,  opens  at  one  end  into  the  canal  and  at  the  other  end 
into  the  valve-case,  19,  at  the  periphery,  at  the  upper  side,  so  that  the  water 
may  pass  from  the  canal  through  this  pipe  into  the  valve-case.  The  opening 
of  tnis  pipe  in  the  valve-case  forms  its  iiuet-port,  and  the  opening  of  a  pipe, 
23,  into  the  valve-case,  on  its  lower  side  and  nearly  opposite  the  pipe  21, 
forms  the  outlet-port  of  the  valve-case,  this  pipe  or  opening  23  being  merely 
to  permit  the  water  to  flow  out  of  the  valve-case  and  to  conduct  it  away  to 
some  waste-conduit,  if  desired.  Another  pipe,  22,opening  into  the  valve-case 
at  the  side,  extends  to  and  opens  within  the  tank  11,  preferably  in  its  lower 
portion. 

It  will  be  seen  by  referring  to  Fig.  VII.  that  when  the  arm  20  (shown  in 
dotted  lines  in  that  flgure)  is  in  a  horizontal  position  the  inlet-port  or  open- 
ing of  the  lower  end  of  the  pipe  21  in  the  valve-case  is  closed,  being  covered 
by  the  upper  end  of  the  valve  73,  and  the  opening  of  the  upper  end  of  the 
pipe  23  in  the  valve-case  or  outlet-port  is  covered  by  the  lower  end  of  the 
valve  73. 

By  referring  to  Fig.  VIII.  it  will  be  seen  that  when  the  arm  20  (shown  in 
dotted  lines)  is  inclined  above  a  horizontal  position  the  valve  is  moved  so  as 
to  open  the  upper  or  inlet -port  and  close  the  lower  or  outlet  port,  and  when 
this  arm  is  inclined  below  its  horizontal  position  the  upper  or  inlet  port  is 
closed  and  the  lower  or  outlet  port  is  opened,  as  shown  in  Fig.  IX.  Of  course 
with  the  valve  in  this  position,  shown  in  Fig.  VII.,  water  can  neither  flow  into 
the  valve-case  through  the  pipe  21  nor  out  of  it  through  the  pipe  23  ;  but  with 
the  valve  in  the  position  shown  in  Fig.  VI II.  water  may  flow  into  the  valve- 
case  through  the  pipe  21,  and  thence  through  the  pipe  22  into  the  tank  11,  to 
raise  the  float  therein,  and  with  the  valve  in  the  position  shown  in  Fig.  IX. 
water  may  flow  out  of  the  tank  11  into  the  valve-case,  and  thence  out  through 
the  pipe  23.  It  will  be  seen  that  by  this  construction  of  valve  the  latter  may 
be  moved  with  the  least  possible  friction  in  its  case,  and  a  very  slight  change 
in  the  height  of  the  water  in  the  canal  to  change  the  vertical  position  of  the 
float  16  will  be  sufficient  to  operate  the  valve  to  open  or  close  the  ports  in  its 
case. 

Referring  to  Fig.  II.,  suppose  it  is  desired  to  maintain  the  water  in  the 
canal  at  the  height  indicated  by  the  dotted  line  L.  The  permanent  or  slid- 
ing head-gates,  as  2,  are  raised  to  give  the  desired  opening  for  the  water  to 
flow  in,  and  the  nut  18  is  turned  on  to  the  upper  end  of  the  rod  17  until  the 
float  16  in  the  tank  15  is  sustained  at  the  height  shown  in  Fig.  II.  by  the  water 
which  flows  into  said  tank  from  the  canal.  While  in  this  position  the  valve 
is  held  in  the  position  shown  in  dotted  lines  in  Fig.  II.,  and  the  water  flows 
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from  the  canal  through  the  pipe  21,  case  19,  and  pipe  22  into  the  tiwk  11, 
raising  the  float  13  into  the  upper  part  of  the  tank  and  holding  the  pivoted 
gate  4  wide  open,  or  in  a  position  lengthwise  the  canal,  as  shown  in  Fig.  I., 
so  that  the  water  may  flow  into  the  canal  past  the  gate  4.  on  each  side  the 
latter  ;  but  as  the  float  16  is  so  adjusted,  if  the  water  should  rise  in  the  canal, 
the  float  16  would  be  raised,  and  the  arm  20  of  the  valve  would  be  inclined 
above  a  horizontal  position  and  the  valve  moved  into  a  position  to  open  the 
outlet-port  into  the  pipe  23  and  close  the  inlet-port  from  the  pipe  21,  and  the 
water  would  flow  out  from  the  tank  11  through  the  pipes  22  and  23,  and  the 
valve  and  the  float  13  would  fall  and  close  the  gate  4,  or  partially  close  it. 
until  the  water  should  fall  nearly  to  the  desired  level  at  the  line  L,  and 
when  the  inlet  port  or  pipe  21  began  to  open  as  the  float  16  was  lower^  by 
the  fall  of  the  water  the  tank  would  be  slowly  fllled  again  and  the  float  13 
would  rise,  and  the  gate  4  would  be  gradually  opened  to  keep  up  the  supply 
of  water  in  the  canal.  This  float  16  may  be  so  nicely  adjusted  by  turning  the 
nut  18  either  up  or  down  that  the  slightest  rise  of  water  in  the  canal,  and 
consequently  in  the  tank  15,  will  operate  the  float  16,  and  the  valve  ana  the 
gate  4  will  be  shut  sufficiently  to  keep  out  the  excess  of  water  over  that 
required  for  use  in  the  canal.  The  ffata  4  is  always  wide  open  as  long  as  the 
water  remains  at  the  lowest  desired  level,  and  when  the  water  rises  above 
this  level  the  gate  4  is  partially  shut. 

The  flumes,  as  25,  at  the  points  along  the  canal  where  the  water  is  drawn 
therefrom,  may  be  supplied  with  the  same  kind  of  gate,  4,  each  of  which  is 
operated  by  float  16,  valve  and  its  case  19,  and  lifting-float  13  in  the  same 
manner  as  the  head-gate  is  operated,  as  above  described,  except  that  the  arm 
G  is  attached  to  the  post  or  pivot  5  of  the  gate  in  an  opposite  position  from 
that  in  which  it  is  attached  to  said  post  or  pivot  at  the  supply  end  of  the 
canal.  These  flume-gates  also  operate  to  partially  close  and  prevent  any 
excess  of  water  from  passing  into  the  flume  over  that  amount  previously 
determined  upon.  For  example,  suppose  a  manufacturing  establishment  to 
be  located  at  anv  point  along  the  canal,  say  at  N.  and  to  draw  the  water 
from  the  canal  through  the  flume  containing  the  single  gate  4  at  that  point. 
This  flume  is  provided  with  a  tank,  15,  containing  a  valve  opsrating  float,  16, 
like  that  herembef ore  described  for  the  head-gate,  into  which  tank  the  water 
may  flow  from  the  flume  through  a  pipe  whose  orifice  14  opens  into  the  flume, 
above  the  gate,  in  a  direction  opposite  the  flow  of  the  current,  and  a  valve 
and  its  case  19,  like  that  above  described  for  the  operation  of  the  head-gate, 
is  connected  with  the  float  16  by  a  rod,  17,  with  a  tank  connected  by  a  pipe 
with  said  valve-case,  and  containing  a  lifting-float,  as  13,  which  is  connected 
with  an  arm,  as  6,  on  the  gate  4  in  the  flume  by  rods  10  and  7  and  bell-crank 
lever  8,  all  as  above  described  for  the  head-gate  at  the  bulk-head. 

It  will  be  seen  that  in  using  the  valve  and  its  case  19  at  the  head-gate  at 
the  bulk-head  b  the  arm  20  is  so  attached  to  the  hub  of  the  valve  that  as  the 
float  16  is  raised  by  the  water  in  the  tank  15  and  in  the  canal  the  valve  is 
moved  so  that  the  water  may  flow  out  of  the  tank  II,  and  by  the  falling  of 
th  J  lifting-float  13  the  head-gate  4  will  begin  to  close  :  but  at  the  flumes  the 
arm  20  is  attached  to  the  hub  of  the  valve  73  in  a  reversed  position,  or  as 
shown  in  dotted  lines  in  Pigs.  V.,  VII.,  Vill.,  and  IX..  so  that. as  the  water 
falls  in  the  flume  the  falling  of  the  float  16  in  the  tank  15  would  move  the 
valve  73  into  a  position  to  permit  the  water  to  flow  from  the  tank  11,  and 
the  lifting-float  13,  in  falling,  would  close  the  gate  4  in  the  flume  25. 

In  the  above  explanation  I  have  referred  to  the  details  of  the  tanks  and 
valve,  as  shown  in  Pig.  I.,  at  the  head  of  the  canal  or  bulk-head,  because  pre- 
cisely the  same  arrangement  is  used  at  the  flumes  as  at  the  bulk-head,  with 
the  exception  that  the  arm  6  is  attached  to  the  pivot  or  post  4.  and  the  arm 
20  is  secured  to  the  valve  73  in  a  reversed  position  when  applied  and  used  at 
the  flumes.  For  illustration,  two  other  manufacturing  establishments  may 
be  drawing  water  from  the  canal— one  at  O  and  another  at  P — and  these, 
flumes  may  be  located  any  distance  apart  and  along  the  side  of  the  canal,  or 
at  its  termination.  For  convenience  I  have  represented  them  at  the  latter 
point,  and  side  by  side.  Suppose  that  the  party  at  N  owns  or  has  leased  one- 
sixth  of  all  the  water  which  flows  through  the  canal,  the  party  at  O  three- 
sixths,  and  the  party  at  P  two-sixths,  each  flume-opening  being  of  the  proper 
area  to  permit  that  quantity  of  water  to  flow  through  at  a  given  velocity — 
say  of  two  feet  per  second.  These  flume  openings  being  the  ordinary  head- 
gates,  they  may  be  changed  to  give  diif  erent  areas  of  opening  at  different  sear 
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sons  of  the  year  to  meet  the  usnal  changes  in  the  supply  of  water  at  such 
times,  if  found  advisable.  With  the  water  at  the  height  indicated  by  the 
line  L  the  nut  18  on  the  rod  17  is  turned  so  that  the  float  16  in  the  tank  16 
holds  the  valve  at  the  flume  N  in  such  a  position  that  the  float  13  in  the  tank 
11  at  that  flume  will  hold  its  gate  4  in  a  position  wide  open,  as  shown  in  Fig. 
1.  Inasmuch  as  the  amount  of  water  which  can  be  drawn  from  a  flume  de- 
pends upon  the  velocity  at  tbe  outlet  of  the  flume  at  a  given  head,  this 
additional  use  would  tend  to  draw  the  water  down  or  reduce  its  height  in  the 
flume,  and  the  water  in  the  tank  15  being  always  at  the  same  level  with  that 
in  the  flume,  the  float  16  would  fall  and  move  the  valve  into  a  position  to 
pcimit  the  water  to  flow  out  of  the  tank  11  through  the  pipe  22,  valve  19,  and 
outlet  23,  and  the  lifting-float  13  would  fall  and  partially  shut  the  gate  4  in 
the  flume,  which  would  of  course  reduce  the  quantity  of  water  passing  into 
the  flume  at  a  greater  velocity  until  his  proper  proportional  quantity  of  one- 
sixth  was  reached^  when  the  head  and  float  would  rise  to  their  normal  con- 
dition, allowing  him  still  his  proportional  quantity,  though  at  a  loss  of  head 
ill  proportion  to  the  quantity  which  he  attempts  to  overdraw.  In  like  man- 
ner the  other  owners  or  lessees  at  other  points  are  governed  or  controlled  in 
their  use  of  water. 

In  Fis.  1.  there  are  two  gates  in  the  flume  at  O,  one  of  which  is  provided 
with  a  double  arm.  6,  one  of  whose  ends  is  connected  with  the  arm  of  the 
other  gate  by  a  rod,  26,  and  the  other  end  is  connected  with  the  bell-crank 
lever  )$,  connected  with  the  lifting-float  13  in  the  tank  11,  so  that  the  move- 
ment of  said  float  will  operate  both  gates  at  the  same  time. 

The  flumes  may  be  provided  with  the  ordinary  lifting  or  vertically-sliding 
Bates  2,  which  may  be  closed  at  any  time  for  the  purpose  of  making  repairs 
111  the  flume,  or  for  any  other  purpose. 

The  tanks  15,  connected  with  all  the  flumes,  should  all  be  securely  locked 
and  be  kept  under  the  charge  of  one  man,  so  that  no  other  person  could  have 
access  to  them  ;  or  the  tanks  15  might  be  all  located  in  one  building  or  office 
and  each  be  connected  with  its  flume  by  a  pipe,  and  all  locked  and  in  charge 
of  one  person. 

If  desired,  a  dial,  30,  having  a  graduated  scale,  may  be  placed  in  any  con- 
venient fixed  position  near  the  pivot  or  post  6  of  each  gate  in  the  flume,  with 
an  index  secured  to  the  post,  as  shown  at  P  in  Fig.  I.,  so  that  a  glance  at  the 
index  and  dial  at  any  time  would  show  how  far  open  each  gate  was  as  to  the 
area  of  its  aperture,  so  that  aslight  computation  might  give  approximately 
the  quantity  of  water  passing  through. 

It  will  be  seen  that  this  apparatus  furnishes  a  very  reliable  system  of  main- 
taining the  water  in  a  water-way  or  canal  at  a  standard  height  to  give  a  uni- 
form head,  and  with  that  head,  to  divide  the  water  flowing  through,  givhig 
to  each  owner  or  lessee  the  quantity  to  which  he  is  entitled,  and  preventing 
any  attempt  on  the  part  of  either  owner  or  lessee  from  using  a  greater  quan- 
tity than  that  to  which  he  is  entitled. 

In  Figs.  III.,  IV.,  and  V.  is  sh(iwn  a  modification  of  the  same  invention  as 
applied  to  gates  arranged  to  move  on  a  horizontal  pivot  for  the  purpose  of 
measuring  the  amount  of  water  passing  through  the  gate-aperture,  Figs.  IV. 
and  v.,  showing  an  enlarged  detailed  view,  in  which  33  represents  a  horizon- 
tal bar  fixed  in  the  sides  of  the  fiume,  to  which  are  hung,  so  as  to  swine  freely 
thereon,  the  arms  34,  whose  free  ends  are  secured  to  the  gate  36.  The  out- 
side of  this  gate  should  be  made  convex  in  its  cross-section  upon  a  curve 
whose  radiiLs  is  the  distance  from  the  outside  of  the  gate  to  the  horizontal 
bar  .'53,  and  the  gate-aperture  71,  made  in  front  of  the  gate  and  through  the 
front  wall  32  of  the  flume,  should  have  its  ends  curved  vertically,  as  at  68, 
so  that  the  ends  of  the  gate  36  should  approximately  fit  the  aperture  when 
the  gate  is  shut  ,     .  ^      ^   .. 

The  tank  11  for  the  lifting-float  13,  when  applied  to  a  swinging  gate  of  this 
construction  and  used  in  the  position  shown  in  the  drawings,  is  made  be- 
neath the  floor  of  the  flume,  and  the  lifting-rod  10  in  this  case  extends  up 
through  this  floor,  and  may  be  connected  with  a  cross-bar  extending  from 
one  arm,  34,  to  the  other,  of  the  gate  36,  as  shown  in  Figs.  IV.  and  V. 

The  chamber  7')  for  the  wheels  28  may  be  covered  by  a  horizontal  partition, 
70  if  desired,  with  a  small  horizontal  aperture,  as  69,  through  the  frciit 
wall  32  of  the  flume,  which  would  form  a  draft-tube  in  which  the  wliecls 
were  located,  the  water  in  the  flume  flowing  through  this  aperture  CO  and 
covering  the  horizontal  partition  70,  to  pack  the  apertures  to  the  wheel- 
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chamber,  these  wheels  representing  those  used  by  the  establishment  located 
at  that  point  and  drawing  water  from  the  canal. 

A  scale,  66,  may  extend  up  vertically  in  any  conyenient  place,  with  its 
lower  end  pivoted  to  the  end  of  the  gate  36,  and  the  graduations  on  the  scale 
may  indicate  the  vertical  opening  and  fractions  thereof  of  the  gate-aperture. 
Suppose,  for  example,  that  the  gate-aperture  should  be  ten  feet  horizontally 
and  two  feet  vertically,  and  a  glance  at  the  scale  should  indicate  that  the 
lower  edge  of  the  gate  36  was  just  one  foot  above  the  lower  edge  of  the  gate- 
aperture.  It  would  require  but  a  few  minutes*  computation,  knowing  liie 
area  of  open  aperture  and  velocity,  to  ascertain  Just  how  much  water  was 
flowing  through  the  aperture  beneath  the  gate,  so  that  the  quantity  of  water 
being  used  by  the  party  drawing  from  that  flume  may  be  easily  and  accu- 
rately measured  at  any  time  by  a  glance  at  the  scale  to  see  how  much  it  pro- 
jects above  the  top  of  the  wall  of  the  flume,  or  any  other  horizontal  line 
across  the  scale  as  an  indicator. 

The  operation  of  the  float  16  within  its  tank  15,  connected  with  the  flume 
shown  in  Figs.  III.,  IV.,  andV.,  and  also  the  valve-case  19,connected  withsatd 
float  and  with  the  tank  11  of  the  liftins-float  13,  is  precisely  like  that  herein- 
before described  as  used  in  Figs.  I.  and  II.,  except  that  its  action  is  reversed 
— that  is  to  say,  the  tank  is  so  connected  with  the  flume  in  Figs.  IV.  and  Y. 
that  the  water  may  flow  freely  through  the  orifice  14  and  the  pipe  leading 
therefrom  into  the  tank  15,  so  that  the  float  16,  being  properly  adjusted  by 
the  nut  18  on  the  rod  17  above  the  float,  will  be  heldf  at  a  certain  height  in 
the  tank  15  by  the  water  therein,  the  valve  in  the  case  19  being  held  in  a  po- 
sition to  retain  the  proper  quantity  of  water  in  the  tank  11  to  sustain  the 
float  13  and  gate  36  at  such  a  height  as  to  allow  the  quantity  of  water  to  flow 
through  the  gate-aperture  71  at  the  fixed  velocity  to  which  the  party  is  enti- 
tled, at  the  ^ven  liead  which  is  maintained  in  the  canal  by  the  head-gates, 
as  hereinbefore  described.  If  the  party  wishes  to  use  more  water  than  that 
which  would  flow  through  the  gate-opening  71  at  a  given  velocity— say  two 
feet  per  second— the  water  would  begin  to  fall  in  that  part  of  the  flume  in 
which  the  gate  36  is  pivoted,  and  also  would  fall  in  the  tank  15,  owing  to  the 
increased  velocity  of  the  water  passing  through  the  gate-aperture  71,  and 
t^e  float  16  would  fall  and  change  the  valve,  so  that  the  inlet  from  the  pipe 
21  would  be  opened  and  the  outlet  at  23  be  closed,  permitting  the  water  to 
flow  into  the  tank  11,  raising  the  lifting-float  13  and  opening  the  gate  36  to 
give  a  larger  aperture  and  permit  more  water  to  pass  through  the  gate  aper- 
ture 71  until  the  velocity  was  reduced  to  the  stated  two  feet  per  second,  and 
this  increased  opening  of  the  gate-aperture  would  be  accurately  indicated  by 
the  scale,  and  the  amount  of  water  could  then  easily  be  computed.  If  the 
water  in  the  reservoir  should  be  exceedingly  low,  so  that  the  water  in  the 
canal  should  remain  at  a  much  lower  level  than  at  the  line  L,  the  nuts  on 
the  rods  17  above  the  floats  16  are  readjusted  according  to  the  height  of  water 
in  the  canal,  and  each  party  will  then  be  able  to  draw  his  proportional  quan- 
tity of  the  water,  and  no  more,  instead  of  his  full  quantity,  as  when  the 
water  is  abundant. 

It  will  be  seen  that  when  the  float  16  is  once  adjusted  for  any  certain 
height  at  which  it  is  desired  to  maintain  the  water,  by  turning  the  nut  18  on 
the  rod  17  either  up  or  down,  the  float  will  operate  automatically  to  move 
the  valve  into  such  a  position  as  to  regulate  the  amount  of  water  retained  in 
the  lifting- tank  11  to  operate  the  gate,  and  keep  the  proportions  of  the  sup- 
ply of  water  in  the  canal  equal  to  the  demand  or  amount  used  therefrom. 

It  will  be  seen  that  by  merely  reversing  the  position  of  the  arm  20  on  the 
hub  of  the  vsJve  73  the  falling  of  the  water  and  the  float  16  will  operate  the 
valve  to  permit  the  water  to  flow  into  the*  lifting  tank  to  close  a  gate,  or  to 
open  it,  according  to  the  position  in  which  the  said  arm  is  secured. 

It  is  evident  that  in  cases  where  a  single  individual,firm,or  corporation  owns 
all  the  water  which  runs  in  the  canal  or  water-way,  or  owns  the  entire  water 
privilege,  and  is  only  using  from  one  flume,  or  when  it  is  not  desired  to 
divide  the  water  among  the  dift'erent  flumes  through  which  it  is  drawn  from 
the  canal  to  be  used,  but  only  to  maintain  the  water  in  the  canal  or  water- 
way at  a  uniform  height,  it  may  be  done  by  using  the  apparatus  as  con- 
nected with  the  head-gates  at  the  bulk-head  alone.  I  n  any  case,  whether  used 
at  the  head-gates  or  those  in  the  flume,  or  both,  the  tanks  15,  containing  the 
operating  floats  16,  together  with  their  respective  valves,  and  the  pipes  or 
water-conneetlons,  should  all  be  located  under  cover  to  avoid  being  frozen  up 
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in  winter,  and  the  tanks  15,  with  their  floats  16,  might  be  located  conyen- 
iently  in  some  office,  and  under  the  control  of  one  man  ;  and  instead  of  tak- 
ing the  water  from  the  canal  into  the  tank  11  through  the  valve-case  19  and 
inlet  21,  it  may  be  taken  from  the  reservoir  or  river  by  connecting  the  pipe 
therewith,  if  it  should  be  more  convenient. 

JAMES  EMERSON. 
Witnesses : 

T.  A.  GUBTIS, 

N.  E.  DwimrxLL. 


QUESTIONS  OFTEN  ASKED  HE  IN  COURT 

ANSWERED. 

Have  I  ever  been  to  college  or  technical  school  ? 

No ;  but  the  teachers  and  graduates  of  such  institutions  oft^n 
come  to  me  for  information. 

Have  I  studied  hydraulic  works  by  different  authors  ? 

I  have  looked  through  such  occasionally. 

Have  I  ever  run  levels  between  mills  as  a  surveyor  does  ? 

No ;  the  cause  for  effect  can  better  be  ascertained  by  doing  it  by 
the  water  if  one  knows  how  to  do  it. 

Why  do  I  answer  so  positively  while  others  professing  to  teach 
the  science  hesitate  ? 

Because  my  answers  are  based  upon  knowledge  obtained  by  per- 
sonal experiments. 

How  do  I  know  that  weir  and  aperture  measurements  are  cor- 
rect? 

By  catching  the  discharge  from  weirs  and  apertures  in  tanks, 
then  cubing  the  contents. 

How  did  I  prepare  my  weir  tables,  did  I  work  them  all  person- 
ally? 

No ;  I  never  learned  the  formula  for  working  up  such  tables,  but 
employed  cheap  help  to  work  up  a  set  of  tables  from  the  Francis 
formulae,  then  cubed  the  discharge  in  tanks  varying  in  capacity 
from  two  feet  up  to  twenty-five  thousand  feet. 

How  do  I  know  that  tests  of  wheels  by  such  tables  are  correct  ? 

By  testing  the  same  wheels  at  several  different  testing  flumes 
remote  from  each  other. 

How  do  I  know  that  float  and  current  meter  measurements  are 
worthless  ? 

By  testing  the  same  streams  or  discharges  by  weir. 

SUGGESTION  FOR  CAPITALISTS. 

As  the  hours  of  labor  are  reduced  so  that  invested  capital  in 
mills  stands  idle  two-thirds  of  the  time  why  not  employ  two  or 
three  sets  of  hands  and  keep  the  work  in  operation  the  most  of  the 
time,  thus  making  a  plant  of  a  million  turn  out  the  same  quantity 
now  done  by  one  of  double  that  cost  ? 
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Preliminary  Proceedings  for  Legal  Diyision  of 

Water  Power. 


state  of  Iowa,    ) 
Linn  County.     )     ' 

To  James  Emerson  of  WilUmansett,  Massachusetts,  Samuel  Sherwood  of 
Independence,  Iowa,  and  S.  N.  Williams  of  Mt.  vemon,  Iowa. 

Qrbbting— Whereas,  on  November  Ist,  A.  D.  1889,  in  an  action  now  pend- 
ing in  the  district  court  of  said  Linn  county,  wherein  K.  E.  Brown  is  plaintiff, 
and  Susan  Brown,  W.  S.  Cooper,  Sarah  E.  Leach,  E.  E.  Leach,  Herman  D.  St. 
John,  and  Charles  Clay  are  defendants,  it  was  found  by  the  said  court  that  the 
said  plaintiff,  N.  E.  Brown,  is  the  owner  in  fee  simple  of  the  undivided  two 
sixty-fourths  (A)  of  the  following  described  property  situated  in  Linn  county 
and  the  state  of  Iowa,  to  wit:— 

'i  he  -rater  power  created,  situated  on,  across  and  adjacent  to  the  Cedar 
river  at  Cedar  Kapids.  Linn  comity.  Iowa,  consisting  of  a  mill  dam  con- 
structed across  the  Cedar  river  at  said  Cedar  Kapids  with  an  abutment  or 
bulk  head  upon  and  against  either  bank  of  said  river,  includine  race  ways  on 
each  side  of  said  river  from  said  dam,  the  water  power  and  flowage  created 
by  said  dam  and  race  ways,  and  the  right  to  have,  build,  and  maintain 
daid  dam,  race  ways,  and  power:  said  dam,  abutments,  and  bulk  heads  being 
more  particularly  described  as  ifoUows,  to  wit: — 

Said  dam  being  at  and  between  Fractional  Block  Two  (2)  in  Cedar  Rapids, 
Iowa,  and  Ely  &  Angle's  addition  to  West  Cedar  Rapids,  in  Linn  county, 
Iowa,  one  of  said  bulk  heads  and  the  east  end  of  said  dam  being  upon  lots 
'♦  J,"  "  K,"  "  L,"  and  "  M  "  in  Fractional  Block  Two  (2)  in  Cediar  Rapids, 
Iowa,  and  the  other  of  said  bulk  heads  and  the  west  end  of  said  dam  being 
on  lots  twenty-three  (23)  and  twenty-four  (24)  of  Ely  &  Angle's  addition 
to  West  Cedar  Rapids,  in  Linn  county,  Iowa,  and  the  street  and  land  adjacent 
thereto;  that  the  defendant,  Susan  Brown,  is  the  absolute  owner  of  the  un- 
divided fifty-ftve  sixty-fourths  (|f),  and  the  one-third  (i)  of  the  two  sixty- 
fourths  (^)  in  all  of  the  one  hundred  sixty-seven  one  hundred  ninety  seconds 
(ffi)  of  said  property;  that  the  said  W.  S.  Cooper  is  the  owner  of  the 
unoivided  one-sixteenth  (A)  of  the  said  property:  that  the  defendants,  Her- 
man D.  St.  John  and  Charles  Clay,  are  together  tne  owners  of  the  undivided 
one  sixty-fourth  {^)  of  said  property,  and  that  the  defendants,  Sarah  E.  Leach 
and  £.  B.  Leach,  are  together  the  owners  of  the  one  forty-eighth  (^)  of  said 
property  and  entitled  to  the  use  of  the  said  one  forty-eighth  (^g)  on  the  west 
side  of  said  Cedar  river. 

And  it  was  then  and  there  ordered,  adjudged,  and  decreed  by  said  district 
court  that  the  said  shares  and  title  of  the  said  parties  respectively  in  and  to 
said  property  be  confirmed,  and  that  partition  thereof  between  said  parties 
be  made.  And  that  said  water  power  and  property  hereinbefore  described  be 
partitioned  and  so  measured  and  meted  out  to  the  several  owners  thereof 
according  to  their  several  rights  and  interests  as  hereinbefore  set  forth  so  that 
each  of  said  owners  shall  receive  and  use  of  said  water  power,  as  developed, 
his  or  their  own  proper  share  and  no  more,  at  any  and  all  stages  of  the  water 
and  in  whatever  condition  said  water  power  and  improvements  may  be,  viz.  :— 

To  said  W.  S,  Cooper  the  four  sixty-fourths  (j^)  of  said  power;  to  said 
Herman  D.  St.  John  and  Charles  Clay  together  tiie  one  sixty-fourth  (^) 
of  said  power;  to  said  Susan  Brown  the  one  hundred  sixty-seven  one  hun- 
dred ninety- seconds  (\%i)  of  said  power  and  property;  to  said  N.  E.  Brown 
the  two  sixty-fourths  (^)  of  said  power  and  property,  and  to  said  Sarah  K. 
Ijeach  and  E.  E.  Leach  together  the  one  forty-eighth  (^)  of  the  whole  of  said 
power  and  property,  the  latter  to  be  used  on  the  west  side  of  said  river,  that 
each  of  them  may  enjoy  and  use  the  same  severally,  and,  each  to  have  his  or 
their  full  use  thereof,  uninterrupted  by  interference,  invasion,  or  diminution 
from  the  other,  and  no  more. 

And  whereas,  on  the  19th  day  of  November,  A.  J).  1889.  and  the  13th  day  of 
February,  A.  D.  1890,  in  said  action  it  was  ordered,  adjudged,  and  decreed 
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by  said  court  that  to  effeet  said  partitioii,  sad  partition  of  saidproperty 
between  said  parties  to  said  action  be  made  by  James  Emerson  of  williman- 
sett,  Massachusetts,  Samuel  Sherwood  of  Independence,  Iowa,  and  S.  N.  Will- 
iams of  Alt.  Vernon,  Iowa,  referees  and  commissioners  for  that  purpose;  and 
that  to  enable  such  commissioners  and  referees  to  make  such  partition,  they 
were  authorized  as  against  any  and  all  persons  to  enter  upon  said  premises 
and  take  control  of  said  water  power,  dam,  and  race  ways  for  the  reasonable 
time  required  to  do  said  work,  opening  and  closing  the  same  at  pleasure  and 
as  in  their  judgment  may  be  necessa^,  stopping  any  and  all  water  wheels 
and  mills  operated  by  said  power  and  for  such  time  or  times  as  may  be  neces- 
sary and  reasonable,  and  that  in  making  said  partition  the  said  referees  ascer- 
tain the  quantity  or  volume  of  water  now  used  at  and  by  said  power  and  dam, 
and  the  exact  power  and  quantity  that  each  party  shall  be  entitled  to  draw 
oif  or  use  under  the  varying  stages  of  the  water  in  the  aforesaid  river,  and 
said  referees  are  further  authorized  by  said  court  to  make  such  recommenda- 
tion in  their  report  as  they  deem  advisable  for  the  future  maintenance  and 
use  of  the  interests  of  the  several  parties  in  said  action  in  said  water  power. 

Now,  therefore,  you  are  hereby  empowered  and  commanded  to  make  parti- 
tion of  the  water  power  and  property  above  described  between  the  plaintiff, 
N.  B.  Brown,  and  the  defendants,  Susan  Brown,  W.  S.  CkM>per,  Sarah  £. 
Leach,  £.  E.  Leach,  Herman  D.  St.  John,  uid  Charles  Clay,  by  assigning  to 
N.  E.  Brown,  the  two  sixty-fourths  (^)  thereof,  to  said  W.  8.  Cooper,  the  four 
sixty-fourths  (A)  thereof,  to  the  defendants,  Herman  D.  St.  John  and  Charles 
Clay  together,  the  one  hundred  sixty-seven  one  hundred  ninety  seconds  {\K) 
thereoi7and  to  the  defendants,  Sanui  £.  Leach  and  E.  E.  Leach  together,  the 
one  forty-eighth  (A)  thereof,  the  said  one  forty-eighth  (^)  to  be  used  on  the 
west  side  of  said  river,  all  in  severalty  according  to  law,  that  each  of  said  par- 
ties may  enjoy  the  use  and  portion  thereof  belonging  to  him,  her,  or  them,  in 
severalty,  and  have  his  and  their  full  use  thereof,  uninterrupted  by  interfer- 
ence, invasion,or  diminution  from  the  other,  and  no  more;  such  partition  to  be 
made  as  hereinbefore  provided  and  directed;  and  you  are  further  directed  to 
make  report  in  writing  of  such  partition,  and  your  doings  under  this  commis- 
sion and  said  decree,  and  of  all  expenses  and  costs  pertaining  to  the  same,  as 
soon  as  can  be  done  with  reasonable  diligence,  to  our  said  district  court.  You 
are  further  authorized  to  make  such  recommendations  in  your  said  report  as 
you  deem  advisable  for  the  future  maintenance  and  use  of  the  interests  of 
the  several  parties  to  said  action  in  said  water  power. 

WITNESS  my  hand  and  the  seal  of  the  said  court  hereto  affixed  this  9th 
day  of  June,  A.  D.  1890. 

O.  S.  LAMB, 
Clerk  of  the  district  court  of  Linn  County,  Iowa. 


K.  E.  Bbowv,  Plaintiff, 

vs. 
Susan  Bbowk,  W.  S.  Ooopeb, 
Sabah  E.  Leach,  E.  E.  Lbach, 
HXBMAN  D.  St.  JOHjf,  and  Chables 
Cult,  Defendants. 


Partition 
In  District  Court  of  linn 
County,  Iowa. 


ss. 


State  of  Iowa, 
Linn  County. 

We,  James  Emerson,  Samuel  Sherwood,  and  S.  N.  Williams,  do  severally 
swear,  that  we  will  well  and  faithfully  perform  the  duties  of  referees  in  the 
above  entitled  cause,  and  make  a  just  and  equitable  partition  therein,  accord- 
ing to  the  best  of  our  knowledge  and  ability. 

JAMES  EMERSON,        ) 
SAMUEL  SHERWOOD,  J  Rfferees, 
S.  N.  WILLIAMS,  ) 

Subscribed  and  sworn  to  before  me  by  the  said  James  Emerson,  Samuel 
Sherwood,  and  S.  N.  Williams,  on  this  28th  day  of  June,  A.  D.  1890. 

U.O.  BLAKE, 
Notary  Public  in  and  for  Linn  County,  Iowa. 
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lUBFOfiT  OF  REFEREES. 


STATE  OF  IOWA,   ■  „ 
ijoas  covwtY.      '°* 


} 


Report  of  referees  in  answer  to  deoree  of  Linn  Goimty  District  Court  order- 
ing tne  partition  of  the  water  power  at  Cedar  Bapids  of  said  County ;  N.  E. 
Brown,  plaintiff ;  Susan  Brown,  W.  S.  Cooper,  Sarah  E.  and  E.  E.  Leach, 
Herman  D.  St.  John  and  Charles  Clay,  defendants. 

We,  the  referees,  met  at  Cedar  Rapids  July  29,  1890,  and  qualified  as 
required.  Mr.  Emerson  took  charge  of  the  numerous  preparations  necessary 
for  diyiding  the  water  :  Professor  Williams  having  charge  of  various  tests  for 
ascertaining  the  cost  oi  steam  power  at  Cedar  Rapids  ana  estimated  valuation 
of  water  power  at  Waterloo  and  Cedar  Falls  and  other  matters,  while  Mr. 
Sherwood,  from  his  general  knowledge  of  water  power,  and  especially  for 
his  early  aoquaintanoe  with  the  Oedar  Rapids  water  power,  was  held  in 
reserre  as  adviser  and  astiBtant. 


The  first  aot  necessary  was  to  put  the  dam  in  order  that  the  whole  fiow  of 
water  in  the  river  should  pass  over  its  crest  for  measurement. 

The  top  of  dam  was  raised  some  ten  inches  at  the  lowest  point  and  divided 
into  twenty-nine  twenty  feet  sections  and  two  of  ten  feet  each ;  division 
planks  were  established  between  each  section  and  a  small  post  rigidly 
secured  to  the  dam  eighteen  inches  up  stream,  from  crest  of  weirs  at  middle 
of  ea^.  These  posts  were  leveled  at  the  top  to  correspond  to  the  exact 
level  of  weirs :  t^en  in  case  the  weight  of  overflow  should  cause  sectional 
depressions  one  end  of  crest  plank  would  be  likely  to  be  as  much  above  the 
top  of  post  as  the  other  would  be  below. 

The  bottom  edges  of  cresting  planks  were  well  imbedded  in  Portland 
cement,  making  a  perfectly  tight  joint  the  whole  length  of  dam.  The  plank- 
ing of  dam  is  doubled,  the  upper  ends  of  top  planks  are  scoured  off  by  ice  and 
overflow  so  that  water  flowing  over  runs  down  back  between  the  two  layers, 
presenting  the  appearance  of  extensive  leakage  under  the  dam.  The  cresting 
planks  are  placed  up  stream  from  the  worn  off  upper  planks,  and  while  the 
surface  of  water  was  below  the  crest  of  weirs  there  was  no  show  of  leakage 
throuffh  the  planking  from  end  to  end  of  dam ;  at  the  bottom  there  were 
three  leaks,  but  so  small  that  there  were  no  whirlpools  or  other  indications 
of  their  source  above.  Gravel  would  make  the  dam  as  tight  as  a  dam  built 
upon  seamy  rock  can  be  made,  but  gravel  can  only  be  procured  at  a  cost  of 
two  dollars  per  cubic  yard,  and  at  that  price  with  diflfculty.  Sawdust  ana 
other  debris  were  used  until  the  leakage  was  reduced  to  the  low^t  stage 
possible. 

The  openings  to  the  races  were  stopped ;  on  the  west  side  by  a  temporary 
dam.  on  the  east  side  by  planks  at  the  openings  in  wall  at  its  head,  and 
the  leakage  from  eaeh  race  was  measured  by  weir  or  aperture. 

Wednesday,  August  13,  water  flowing  over  the  crest  of  dam  or  weirs 
seemed  to  have  reached  its  height  and  a  hasty  measurement  was  made,  the 
result  showing  a  fiow  of  over  thirty-nine  thousand  cubic  feet  per  minute  in 
the  river.  The  next  momine  Messrs.  Sherwood  and  Williams  joined  with  me 
in  making  the  most  careful  measurement  possible.  An  improvised  hook 
gauge  and  gauge  tank  for  quieting  the  surface  of  the  water  were  used,  so  that 
the  greatest  exactness  was  obtained,  the  measurements  on  dam  and  in  the 
two  races  aggregating  39,699.43  cubic  feet  per  minute,  to  which  I  add  one- 
fourth  additional,  making  the  maximum  now  of  49,624.28  cubic  feet  per 
minute  as  the  largest  quantity  likely  to  flow  In  the  river  at  any  season  of  the 
year,  except  during  freshets ;  or  that  can  be  made  useful  through  the 
head-gate  openings  on  east  side  of  the  river. 

I  make  tms  admtion  not  because  I  believe  there  is  such  quantity  that  can 
be  utilised  under  existing  conditions,  but  because  the  ownership  of  all  the 
parties  aside  from  Mrs.  Brown  is  so  small  that  it  is  better  to  do  so  than  to 
leave  any  exeuse  for  further  litigation. 

St.  John  A  Clay's  mill  has  wheels  that  under  eight  feet  head  will  discharge 
11,121  eubic  feet  of  water  per  minute,  =:  167.9  h.p.  of  water,  of  which  about  112 
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efteetiTO  h.p.  maj  be  reftlised.   Their  ^  of  the  whole  power  is  77R.4  enUc 
feet  of  water  per  miimte,  which  falling  8  feet  =  11.7  h.p.,  or  9  h.p.  net. 

N.  E.  Brown's  wheels  with  eight  feet  head  will  discharge  14,000  cnbie  feet 
per  minute,  or  210.2  h.p.  of  water,  but  they  are  so  out  of  repair  that  no 
accurate  estimate  of  net  effect  can  be  made.  His  ^  of  the  whole  power  is 
1,660.8  cubie  feet  per  minute,  which  falling  eight  feet  =  23.4  h.p.  of  water,  or 
16  to  18  effective  h.p. 

Cooper's  wheels  under  seven  feet  head  can  discharge  about  9,800  euhic  feet 
per  minute,  =  129  h.p.  of  water,  or  from  86  to  100  h.p.  net.  His  ^  of  49.624^ 
cubic  feet  =  3,101.5  cubic  feet  per  minute,  which  falling  seven  feet  =  41  lL.p. 
of  which  28  to  35  may  be  made  effective. 

Leach's  wheels  under  six  feet  head  will  discharge  about  7,000  cubie  feet  per 
minute,  or  79.3  h.p.  of  water,  from  which  60  to  60  h.p.  net  should  be  realised. 
His  A  of  49,624.3  cubic  feet  =  1,033.8  cubic  feet  per  minute,  which  falling  six 
feet  =  11.6  h.p.,  of  which  8  to  10  may  be  made  effective. 

Visits  have  been  made  to  Waterloo  and  Cedar  Falls  for  the  purpose  of ■ 
examining  the  dams  at  those  places,  and  to  get  an  estimate  of  the  ralne  of 
water  power  there. 

At  Waterloo  the  dam  is  more  lealcy  than  the  one  here.  At  Cedar  Falls  the 
dams  were  not  filled  to  the  crest,  yet  showed  free  leakage. 

Two  owners  at  the  Falls  estimated  the  value  of  the  water  there  at  ten 
dollars  per  square  inch,  and  more  if  free  from  litigation  or  diminution 
through  the  year. 

At  Waterloo  the  water  power  there  is  valued  at  twenty-five  thousand 
dollars,  and  twice  that  could  it  be  changed  to  Cedar  Bapids,  on  account  of 
better  facilities  here. 

It  was  stated  there  by  several  millers,  that  the  power  there  had  been  good 
for  the  season,  though  it  had  diminished  somewhat  lately— some  said  ten  per 
cent. ;  others  thought  perhaps  a  little  more,  but  all  said  that 'twenty-five  per 
cent,  additional  would  make  a  large  supply. 

One  thousand  inches  of  water  under  eight  feet  head  =  9,460  cubic  feet  per 
minute,  or  less  than  either  of  the  mills  are  fitted  for  using  from  the  east 
race  at  Cedar  Bapids. 

The  decree  requires  a  proportional  division  of  the  water  here.  Such 
division  will  shut  down  every  mill  concerned,  except  Cooper's,  and  his  much 
of  the  time,  for  the  maximum  and  minimum  flow  will  be  divided.  The  flow 
to-day,  August  21,  is  but  about  37,000  cubic  feet,  and  has  been  less  since  the 
largest  measurement  was  found,  and  at  many  times  during  the  year  is  much 
less,  for  the  water  is  often  drawn  down  by  the  wheels  in  use  two  or  three 
feet  bflow  the  crest  of  dam. 

Preparations  will  at  once  be  commenced  for  division  according  to  the 
decree.  The  race  is  ample  in  capacity  to  carry  several  times  the  amount  of 
water  due  the  mills  taking  water  therefrom,  but  that  of  necessity  will  have 
to  be  closed  while  the  bulkheads  are  being  put  in  and  kept  so  until  the  work 
is  completed.  Wing  dam  and  head-gates  ynli  have  to  be  erected  on  the  west 
side,  that  the  division  of  water  may  be  made  at  the  head  of  that  race  that  the 
loss  from  leakage  of  the  race  mav  fall  upon  the  proper  person.  The  decree 
will  be  carried  out  with  all  possible  expedition. 

But  it  will  take  time  to  complete  arrangements  for  doing  it,  and  soon  the 
water  will  be  so  cold  that  workmen  will  be  unwilling  to  work  in  it,  besides 
the  closing  of  the  mills  without  notice  has  discommoded  farmers  veiy  much, 
so  that  the  water  is  let  into  the  east  race  this  25th  day  of  August  with  the 
distinct  understanding  that  both  races  will  be  closed  aealn  the  1st  day  of  May 
next,  and  kept  so  until  preparations  for  the  proportional  partition  of  the 
water  are  completed,  then  each  owner  will  receive  the  exact  quantity  due 
and  no  more,  until  settlement  is  made  for  the  excess  drawn  from  August  26, 
current  month,  to  May  1,  1891.  At  least  such  will  be  the  course  recom- 
mended by  the  referees,  for  the  value  of  such  excess  is  shown  by  the  tests  of 
steam  power  herewith  annexed. 

The  water  power  here  is  more  valuable  than  the  one  at  Waterloo  or  Cedar 
Palls,  for  the  dam  sets  the  water  back  six  miles  or  more,  fumishinff  a  larger 
reservoir  and  steadier  power  if  properly  used,  but  for  one-eighth  of  ue  owner- 
ship to  draw  all  the  water  without  payine  any  rent,  leaves  the  one  owning 
seven-eighths  little  encouragement  for  Keeping  dam  and  races  in  order. 
Properly  used  the  power  ought  to  be  of  great  benefit  to  the  city. 

JAMX8  EMBB80H. 
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HftTing  had  charge  of  the  steam  tests,  an  ahstraet  of  the  more  important  is 
given  herewith.  1  have  carefully  examined  Mr.  Emerson's  statements  of 
work  done,  with  results,  and  find  them  correct.  A  complete  report  of  details 
of  statements,  also  testimony  taken  in  connection  with  the  water  powers  at 
Cedar  Falls  and  Waterloo,  has  been  prepared  and  can  be  famished  if 
desired.  S.  N.  Williams. 


Tests  have  been  made  with  a  Westinghonse  compound,  a  Bnckeye,  and  a 
common  slide  valve  engine,  for  the  purpose  of  ascertaining  the  cost  of  steam 
power  here.  These  were  made  by  keying  a  No.  4  power  scale  to  the  main 
line  of  driving  shaft,  taking  the  key  from  the  driving  pulley,  allowing  its 
arms  to  rest  upon  projecting  parts  of  the  scale,  thus  weighing  the  power  in 
transmission,  the  sciUe  at  each  revolution  carrying  the  load  nine  feet.  The 
number  of  revolutions  per  minute,  multiplied  by  nine,  that  product  multi- 
plied by  the  weight,  giving  the  footpounds. 

Tbst  of  St.  John  &  Clay's  Mill,  Auoubt  21.  Woodbttbt  Doublb 
Slide  Valyb  Ekginb,  Cylindbb  13}  z  18. 

Speed  of  shaft  and  scale  189  revolutions  per  minute. 

Power  to  run  shafting  and  machinery,       .          .          •          •  20.85  h.p. 

Maximum  power  developed  during  test,         ....  46.18  h.p. 

Pounds  of  nut  coal  per  horse  power  per  hour.      ...  11.3 

11.3  pounds  of  coal  multiplied  by  24  =  12,570  pounds,  at  $2.25  per  ton  =  in 
round  numbers  $14.09  for  the  46.18  h.p.  developed.  Two  engineers  without 
fireman  at  $2.50  per  day  each  =  $5.00  ;  added  to  the  $14.00  =  $19.00  per  day 
for  running  such  a  mill  with  steam  power.  An  engineer  who  fires  and  runs 
an  engine  twelve  hours  per  day,  and  whose  ability  is  such  that  his  services 
are  worth  less  than  the  price  named,  is  a  standing  menace  to  the  neighbor- 
hood 

The  tests  below  were  made  at  the  electric  light  works  and  were  made  under 
more  favorable  conditions  than  generally  prevail  in  manufacturing  establish- 
ments. 

Wjutinohousb  Compound  Ekoinb,  10  x  18  x  10,  Hbine  Boilbb  with 

STOKBB.     BATBD  65  H.P.  AT  100  POUNDS  STBAM.     TBST  NO.  1,  AUO.  9. 

Slack  coal ;  pump  run  by  separate  boiler. 
Pounds  of  coal  per  horse  power  by  power  scale,         -  -  -  11.17 

Average  net  weight  as  shown  by  power  scale,        ....  385. 

Average  ampere  load,  .......  19.70 

Average  steam  pressure,  .......  101.6 

Average  speed,  --..-..-  314.8 

Average  horse  power,     -  -  -  -  -  -  .  -33.10 

Wbstinghousb  Enginb,  Hbinb  Boileb,  Bonby  Stokbb.    Tbst  No.  3, 

Aug.  11. 

Average  steam  pressure,     .......         114.6 

Average  speed  of  shaft  and  scale,      ......   312.68 

Average  net  weight,  .......         661.35 

Average  horse  power,    -  -  .  -  -  -  .  -46.16 

Pounds  coal  per  horse  power,  slack  at  $1.25  per  ton,  -  -  8.24 

Maximum  horse  power  steam  at  112,  -  -  -  -  >     66.71 

Maximum  ampere  load,      --.--..  33.5 

The  maximum  load  on  Westinghonse  Engine  shows  10.5  16  candle-power 
lamps  to  the  horse  power.  This  is  not  by  actual  count,  but  is  estimated  from 
ampere  load  after  deducting  liberal  amount  for  loss  in  wire  and  converters. 
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BncKBTB  BiroiNX,  Hkivx  Boilbb  with  Stoker,  Bated  75  H.P.  at  80 

POUKDS  STEAM.      TEST  NO.   5.      AUGUST  17. 

Cylinder  12  by  24,  slack  ooal,  pump  run  by  same  boiler. 

Pounds  ooal  per  horse  power,            ......  9  54 

Average  net  weight,  -  -  -  -  -  -  -647^ 

Average  ampere  load,    .-----.-  26.40 

Average  steam  pressure,     ---.-..  108.4 

Average  speed,    ----.--.-  434^ 

Average  horse  power,          -          -          -          -          -          -          -  74.67 

Buckeye  Enqike,  Babcock,  Wilcox  &  Erie  Boilrrs.    Test  No.  4. 

August  15. 

Average  steam  pressure,  -------  97.6 

Average  speed  of  shaft  and  scale,  .....  433.9 

Average  weight,  pounds,  ----...  667. 

Average  horse  power,  -  -  -  -  -  -  78.9 

Goal,  pounds  per  horse  power,  air-slacked  lump,  ...       7.88 

Maximum  h.p.  steam  at  96,  •  -  -  -  •  -  92.2 

Maximum  ampere  load,  -------35. 

Maximum  number  of  arc  lamps,   ---..-  42. 

I  was  here  over  forty  vears  since,  about  mid  winter  ;  the  water  was  lower 
then  than  it  was  the  14th  of  August,  the  day  the  measurement  was  taken.  At 
that  time  Mr.  Qreene  had  leased  his  lumber  mill  to  William  Harmon  from 
Maine,  and  in  a  few  days  after  starting  it  parties  running  the  mill  now  owned 
by  Messrs.  St.  John  &  Clay  said  Mr.  Harmon  was  drawing  tbe  water  so  much 
that  it  interfered  very  much  with  their  mUl.  Mr.  Harmon  said  the  same,  or 
that  their  mill  drew  the  water  from  his  mill.  I  do  not  know  that  there  was 
any  other  water  used  at  that  time.  Having  been  present  August  14,  the  day 
the  measurements  were  made  here  at  Cedar  Kapids,  I  can  unhesitatingly 
state  that  they  were  correct,  as  they  were  made  in  the  same  way  as  the 
measurements  were  inade  at  Lowell  and  Holyoke,  Mass.,  in  their  testing 
flumes.  I  have  proven  these  correct  beyond  a  doubt  by  actual  experiment  in 
my  own  testing  flume  at  Independence,  Iowa,  which  I  have  had  over  ten 
years.  I  have  been  present  many  times  at  the  water-wheel  test  at  Holyoke, 
conducted  by  Mr.  James  Emerson.  I  have  also  been  familiar  with  the  Cedar 
River  since  1847 ;  have  been  employed  at  Cedar  Falls  ;  also  at  this  place 
for  forty  years  since  at  millwright  work.  Have  seen  the  river  at  different 
stages,  and  at  the  time  the  measurement  was  made  here,  to  the  best  of  my 
knowledge,  state  that  Mr  Emerson  has  made  a  fair  and  honest  report  of  the 
quantity  of  water,  also  of  the  power  at  the  time  of  the  measurement,  which 
I  am  satisfied  are  as  near  correct  as  can  be  made. 

S.  Sherwood,  Sr. 

Mrs.  Susan  Brown,  defendant  and  principal  owner,  is  hereby  directed  to 
see  that  all  practicable  preparations  are  made  for  carrying  out  the  decree  as 
soon  after  the  closing  of  the  mills,  May  1, 1891,  as  is  possible. 

Obdab  Bapidb,  Iowa,  August  28, 1890. 

JAMES  EMERSON, 

S.  N.  WILLIAMS, 

S.  SHERWOOD,  Jb. 

For  more  than  twenty  years  parties  owning  less  than  one-eighth 
of  this  power  have  used  the  whole  without  paying  rent,  at  the  same 
time  keeping  up  a  continuous  complaint  that  the  principal  owner 
would  not  keep  the  dam  races,  etc.,  in  repair. 

The  commission  was  appointed  to  make  a  permanent  automatic 
division  of  the  water,  according  to  ownership.  To  do  this,  permanent 
head  gates  at  each  race  were  required  which  the  Browns  declined 
to  famish,  consequently  the  decree  of  the  court  could  not  be  carried 
out. 

Januaiy  1, 1892.  JAMES  EMERSON. 
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Holyoke  and  Its  Water  Power. 


Some  eighty  miles  from  the  mouth  of  the  beautiful  Connecti- 
cut, almost  in  the  shadow  of  Mounts  Tom  and  Holyoke,  there 
is  a  fall  of  nearly  sixty  feet  in  a  short  distance  that  once  formed 
what  was  called  the  *■'  Great  Bapids,"  near  wliich,  from  time  imme- 
morial, the  aborigines  of  the  country  gathered  in  great  numbers  in 
quest  of  fish  and  game;  and  until  within  a  few  years  '^Indian 
fireplaces  "  have  dotted  the  banks  that  are  now  covered  with  mills ; 
indeed,  Indian  skeletons,  implements  and  arrow  heads  are  often 
found  in  the  vicinity  at  this  time.  Near  the  foot  of  the  falls  the 
river  makes  a  sharp  turn  to  the  right,  and  in  this  curve  is  situated 
the  city  of  Holyoke.  In  1831  this  place  was  a  part  of  West  Spring- 
field, known  as  *^  Ireland  Depot,"  with  but  few  inhabitants,  and 
those  of  but  little  account.  In  that  year  the  Hadley  Falls  Co.  was 
formed,  and  a  small  cotton  mill  of  4000  spindles,  (known  until 
recently  as  Hampden,  Jr.,)  was  erected,  receiving  its  power  through 
a  canal,  and  wing  dam  running  obliquely  up  the  river,  which  at  this 
point  is  wide,  with  rock  bottom.  A  power  so  immense  and  conven- 
ient to  the  business  centers  of  the  country  was  not  likely  to  escape 
the  notice  of  capitalists.  The  volume  of  water  flowing  in  the  river 
in  ordinary  seasons,  was  found  to  be  about  6000  cubic  feet  per  sec- 
ond, or  for  the  fall  about  30,000  h.  p. ;  but  allowing  one-third  dimi- 
nution for  the  driest  seasons  the  available  minimum  was  rated  ai 
20.000  h.  p.  In  1845,  it  was  decided  to  construct  a  dam  across  the 
river,  and  one  with  a  base  of  60  and  a  height  of  30  feet  wats 
completed  Nov.  19,  1847,  but  before  filling  to  the  top  it  rolled  over 
and  went  down  stream ;  this  was  a  severe  loss,  but  the  experience 
was  valuable.  The  dam  now  standing  was  completed  Oct.  22, 
1849 ;  it  had  a  base  of  80  and  a  height  of  30  feet,  the  upstream 
incline  having  a  face  of  90  feet  besides  gravel  filling  at  base. 
The  dam  is  constructed  of  timber  12  inches  square,  crossed  and 
bolted,  the  openings  filled  with  stone.  As  the  bed  of  the  river 
is  rock  it  was  not  supposed  that  the  overflow  would  wear  to  any 
perceptible  extent,  but  in   1868  it  was  found  that  cavities  from 
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8  to  25  feet  in  depth  had  been  cut  close  up  to  the  dam,  and  in  the 
years  1868,  '69  and  70  the  Holyoke  Water  Power  Co.  made  expend- 
itures amounting  to  $400,000— in  the  construction  of  an  apron 
of  heavy  timber  work  filled  with  stone — ^to  till  the  space  caused  by 
the  action  of  the  water.  This  apron  is  united  to  the  dam  in  the 
strongest  manner  possible,  is  60  feet  in  width  and  52  in  height, 
its  base  resting  22  feet  below  that  of  the  dam.  Starting  from  the 
crest,  which  is  plated  with  iron,  the  apron  slopes  down  stream  nearly 
to  the  water  below.  The  whole  structure  is  130  feet  wide,  30  feet 
high  from  bed  of  river  and  1019  feet  in  length  between  abutments. 
There  are  three  levels  of  canals,  with  a  total  fall  of  56  feet.  The 
main  artery  of  the  system,  starting  with  a  width  of  140,  and  a  water 
depth  of  22  feet,  extends  eastward  past  the  great  waste  weir  about 
a  thousand  feet  and  then  sweeps  southward  in  a  right  line  for  a 
distance  of  more  than  a  mile.  The  second  level  canal  extends 
northerly  for  a  mile  and  more,  parallel  with  the  first,  and  400  feet 
easterly  from  it,  and  thence  easterly  and  southerly  for  a  mile  and  a 
quarter  more,  at  a  distance  of  about  400  feet  from  the  river,  this 
marginal  portion  of  the  second  level  affording  mill-sites  along  its 
whole  length,  from  which  the  water  used  passes  directly  into  the 
river.  The  third  level  canal,  100  feet  wide  and  10  feet  deep,  is  also 
a  marginal  canal,  with  mill-sites  along  its  entire  length,  and  extends 
3,560  to  the  other  terminus  of  the  same  canal,  thus  making  vrith 
the  latter,  a  line  of  marginal  canals,  around  and  near  the  whole 
water  front  of  the  city. 

*'  Like  other  commodities  which  are  bought  and  sold,  water-power 
here  has  its  own  unit  of  measurement,  called  a  mill-power,  which 
is  thus  defined  in  the  deeds  of  the  Holyoke  Water  Power  Com- 
pany:— 

'*  'Each  mill-power  at  the  respective  falls  is  declared  to  be  the 
right,  during  sixteen  hours  in  a  day,  to  draw  from  the  nearest  canal 
or  water  course  of  the  grantors,  and  through  the  land  to  be  granted, 
38  cubic  feet  of  water  per  second  at  the  upper  fall,  when  the  head 
there  is  20  feet,  or  a  quantity  inversely  proportionate  to  the  height 
at  the  other  falls.'  " 

Thirty-eight  cubic  feet  per  second  under  20  feet  head  is  86.20 
horse-power,  67  per  cent,  of  which  is  57.75  horse-power  that  may 
be  realized.  The  annual  rental  per  mill-power  is  260  ounces  of  silver 
of  the  standard  fineness  of  the  coinage  of  1859,  which  is  in  practice 
paid  in  current  funds,  and  amounts  to  about  $300  a  year,  for  16 
hours  per  day,  or  $450  for  24  hours  per  day.  The  regular  supply 
is  now  exhausted  and  only  surplus  is  now  leased. 
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The  claims  in  the  foregoing  were  copied  from  printed  statements  at  a  time 
when  the  local  idea  prevailed  that  the  Uolyokc  water  power  was  nearly  inex- 
haustible. Interested  parties  have  criticised  them,  and  blamed  me  for  their  pub- 
lication. My  desire  is  to  make  this  work  useful  to  the  real  engineer  of  the 
future,  and  to  all  interested  in  such  matters.  The  Connecticut  river,  like  a 
small-  brook,  rises  and  falls  rapidly ;  its  extremes  of  supply  are  great;  the  maxi- 
mum of  6000  cubic  feet  per  second  is  moderate,  as  it  is  often  more  than  six  times 
that.  During  the  eight  years  in  which  I  have  had  occasion  to  notice  its  flow,  the 
sheet  over  the  dam  for  a  large  portion  of  each  year  has  varied  from  one  to  ten 
feet  in  depth— often  five  or  six.  In  two  or  three  of  the  eight  years,  the  overflow 
has  continued  through  the  entire  year;  in  each  of  the  others,  for  a  brief  period 
in  summer,  the  dam  has  been  dry.  The  minimum  I  should  estimate  at  from 
2000  to  250O  cubic  feet  per  second;  at  any  rate,  the  whole  of  the  river  passed 
i  uto  the  main  canal  through  the  twelve  head  gates,  each  8  x  15  feet.  The  past 
summer  was  exceptional  —  phenomenal,  in  fact.  The  water  in  the  river  was 
lower  than  ever  before  known;  the  supply  was  insu-IIicient  for  the  power  re- 
quired; consequently,  the  head  was  continually  falling  while  the  mills  were 
running.  The  dam,  when  fiUcd,  sets  the  water  back  several  miles;  the  banks 
are  irregular,  so  there  was  no  way  to  measure  the  supply  except  to  keep  the 
head  gates  shut  a  sufficient  length  of  time  to  make  it  certain  the  natural  supply 
was  flowing  over  the  dam.  This  was  not  done,  and  no  measurement  worth  the 
name  was  made.  I  was  up  and  down  the  river  many  times  during  the  lowest 
stage  of  water.  In  many  places  the  river  was  ^easily  fordable.  There  was  one 
place,  in  particular,  some  three  miles  above  the  dam,  that  attracted  my  atten- 
tion most.  The  deepest  part  could  not  have  exceeded  three  feet,  while  much 
of  the  width  was  less  than  a  foot  in  depth.  It  was  deeper  above,  so  that  the 
velocity  over  the  bar  was  moderate.  A  cross  section  of  two  by  two  hundred 
feet,  with  a  velocity  of  three,  or  twelve  hundred  cubic  feet  per  second,  I  think, 
would  cover  the  flow ;  but  suppose  it  to  have  been  fifteen  hundred,  that  quan- 
tity, falling  fifty-six  feet,  would  evolve  9520  h.  p.,  or,  accumulated  and  used  in 
ten  of  the  twenty-four  hours,  would  produce  22,848  h.  p.  There  were  a  few  days 
in  which  the  supply  was  insufficient  to  run  the  whole  of  the  mills,  even  that 
length  of  time,  I  think. 

That  the  water  power  at  Holyoke  may  at  all  times  equal  30,000  h.  p.  is  merely 
a  question  of  reservoirs  to  retain  some  of  the  abundant  surplus  ten  months  of 
each  year,  to  be  used  in  the  other  two. 

The  haste  for  large  immediate  dividends  has  harnessed  the  noble  river  to  a 

business  insatiate  in  its  demand  for  more ;  the  paper  manufacturer  that  has  all 

tlie  power  he  wants,  is  a  phenomenon.    Except  the  hebdomadal  stop,  more  for 

repairs  than  prayers,  the  draught  from  the  pond  is  unceasing.  The  water  power 

isuflicicut  to  give  employment  to  a  thousand  hands  in  the  manufacture  of  paper 

would  be  abundant  for  the  employment  of  six  thousand  in  the  manufacture  of 
cotton  goods.  The  effect  of  this  upon  the  future  of  Holyoke  is  conceivable.  The 
idea  of  an  inexhaustible  supply  of  water  at  Holyoke  caused  many  of  the  wheel- 
pits  to  be  made  of  less  depth  than  that  necessary  for  utilizing  the  whole  head 
dnring  the  dry  season,  but  the  greatest  loss  occurs  through  the  use  of  poor  ol 
ill- adapted  turbines — turbines  much  too  large  for  their  capacity  in  ordinary 
times,  that  there  may  be  no  detention  during  backwater.  But  Holyoke  is  not 
exceptional  in  this,  for  at  least  one-third  of  all  the  water  power  of  the  country 
that  IS  used  is  so  wasted ;  and  of  the  three  great  powers  of  this  state — Holyoke, 
Lowell  and  Lawrence — it  is  safe  to  estimate  the  waste  at  a  greater  quantity  than 
would  be  necessary  at  either  of  the  falls  to  produce  a  greater  power  than  that 
realized  from  the  whole  fall  of  the  Merrimac  river  ut  either  Lowell  or  Lawrence. 
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The  rates  of  the  principal  Water  Power  companies  of  the  country 
are  here  given  for  the  convenience  of  those  interested  in  such  mat- 
ters. It  will  be  seen  that  a  "Mill-Power"  is  a  verv  indefinite 
matter,  and  it  may  be  well  here  to  ^ve  its  origin,  wliich  is  as  fol- 
lows :  Early  in  the  present  century,  there  was  a  mill  at  Waltham, 
Mass. ,  containing  3,584  spindles ;  the  company  owning  that  mill 
colonized  Lowell,  and  the  supposed  power  required  at  the  Waltham 
mill,  was  that  fixed  upon  as  a  "Mill  Power"  at  Lowell,  which  is 
liere  given : 

LowBLL,  Mass. 

Each  mill-power  or  privilege  at  the  respective  falls  is  declared  to  be  the  right 
to  draw  from  the  nearest  caaal  or  water  course  of  the  said  proprietors  so  much 
water  as,  during  15  hours  in  every  day  of  24  hours,  shall  give  a  power  equal  to 
25  cubic  feet  per  second  at  the  great  fail,  when  the  fall  there  is  30  feet,  or  enough 
to  give  the  same  power  at  any  of  the  other  falls.  The  whole  owned  by  the  Com- 
panies, none  to  let  or  sell. 

Office  of  Essex  Cohpant,  Lawbbncb,  Mass.,  June  16, 1877. 

Jambs  BmBSON :  Dbab  8ir  :— Your  letter  of  this  date  is  at  hand.  A  "  Mill 
Power  "  at  Lawrence  is  defined  to  be  the  **  right  to  draw  so  much  water  as  shall 
GTive  a  power  equal  to  3U  cubic  feet  of  water  per  second,  when  the  head  is  25  feet,'* 
Tor  not  more  than  16  hours  in  each  day  of  24  hours.  For  this  the  charge  is  an 
auuual  rent  of  $1200  and  this  is  at  the  same  rate  for  small  as  well  as  large  water 
takers.  This  is  85  gross  h.  p.  for  $1200:=t$14.12  per  h.  p.  of  water.  It  might  be 
a  fair  general  statement  to  say  a  horse  power  by  steam  would  cost  50  or  $60  a 
year  more  than  a  horse  power  by  water;  but  this  would  be  modified  by  circum- 
stances. Tours  truly, 

HisAX  F.  Mills,  Engineer. 

U.  S.  Bunting  Coxpant,  Lowkll,  Mass.,  Aug.  1, 1877. 

Mb.  Jambs  Embbson  :  Deab  Sib  :— Replying  to  your  favor  of  June  16th  last 
to  D.  W.  C.  Fan'ingtou,  I  have  to  say  with  regard  to  the  subject  upon  which 
you  made  inquiries  of  him,  that  it  is  the  custom  of  the  Wamesit  Power  Com> 
pauy  of  Lowell  to  let  floor  room  to  their  tenants  at  a  stipulated  sum,  depending 
upon  location,  &c.,  &c  ;  and  then  the  power  is  hired  at  $75  per  Tear,  per  horse 
power  extra  When  any  question  is  raised  on  either  side  as  to  the  power  actu- 
ally used,  we  apply  a  Dynamometer  of  your  make,  and  measure  it  as  near  as 
possible. 

Walteb  H.  McDaniils,  Supt. 


Office  of  American  Print  Works, 
Fall  River,  Mass.,  June  18, 1877. 

Jakes  Embbson  :  Dbab  Sib  .-—Your  favor  of  the  16th  iiist.  is  at  hand.  In 
reply  would  say,  that  the  water-power  in  Fall  River  is  not  let,  but  the  stock  in  the 
Watuppa  Reservoir  Co.,  which  controls  the  water-power,  is  held  by  the  sevenu 
<  orporatious  using  the  power  in  proportion  to  the  height  of  their  respective  falls, 
and  no  charge  is  made  for  use;  but  the  expense  of  maintaiuin/  the  Reservoir 
i.'onipany  is  borne  by  assessments  upon  the  several  Corporations,  from  time  to 
time,  pro  rata,  according  to  height  of  fall  of  each.  There  is  but  a  single  outlet 
from  the  Reservoir.  The  total  fall  from  Reservoir  to  tide  water  is  128  feet;  and 
the  mills  are  located  one  below  another,  so  iliHt  they  each  get  precisely  the  same 
qnautity  of  water,  as  each  mill  takes  just  what  the  one  above  it  delivers.  The 
({uantity  is  about  122  cubic  feet  per  second.  I  am  just  now  unable  to  give  an 
answer  that  would  be  satisfactory  to  myself  as  to  the  comparative  coat  of  water 
and  steam-power. 

Yours  truly, 

Tbob.  J.  BoBDBN.  Treas., 

Watuppa  Besenroir  Co. 
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Officb  Minvsafoub  Mill  Co., 

MiNNKAFOLIS,  MlNV.,  Jlllj  b,  1877. 

Jake8  Embbson  :  Dear  Sib  : — With  reference  to  rentini;  power,  I  would  say 
that  rentals  are  made  at  so  much  for  Mill  Power,  which  is  dedgnated  as  30  cubic 
feet  of  water  per  second,  with  head  of  22  feet.  Present  price  for  Mill  Power 
$1U00  per  year,  but  from  this  back  to  earlier  dates  rates  decrease  considerably. 

Yours  truly, 

H.  n.  DonoLASS,  Entf.  and  Agt.  M.  M.  Ck>. 


Bellows  Falls,  Vt.,  June  28, 1877. 

James  Exbbsom:  Dbab  Sib:— Yours  of  the  22d  is  just  receiyed;  a  Mill 
Power,  in  our  lease,  is  the  right  to  draw  equal  to  30  cubic  feet  per  second,  under 
25  feet  head.    Price  for  a  Mill  Power  is  387  ounces  Troy  Weight  of  silver,  of  the 

firesent  standard  business  of  the  silver  coin  of  the  United  States,  as  an  equiva- 
eut  in  gold,  which  is  -HbO  dollars. 

Yours  truly, 

BOBEBTSON ,  MOOBE  &  Co. 


Manchestbb,  N.  H.,  June  29, 1877. 

James  Emebson  :  Deab  Sib  :'>The  rule  for  a  Mill  Power  here  is  as  foUowM  : 
Divide  725  by  the  number  of  feet  fall  minus  1.  and  the  quotient  will  be  the  num- 
ber of  c:.bic  feet  per  second  for  a  Mill  Power  on  that  fall.  For  instance :  The 
fall  at  the  upper  level  is  20  feet;  then  725  divided  by  19=38.1,  which  is  number 
of  cubic  feet  per  second  for  that  fall.  The  Mill  Powers  are  let  to  manufacturing 
concerns  at  an  anniial  rent  of  ^600  each.  This  includes  the  land  necessary'  to  use 
the  power  on,  together  with  some  room  for  tenement  blocks,  but  no  builaings  or 
machinery. 

Yours  truly, 

Joseph  B.  Sawtbb,  0.  E. 

The  Oswboo  Canal  Company,  Oswego,  N.  Y- 

The  Lessees  at  their  joint  option  may  be  allowed  for  each  run  of  classified 
water,  cither ;  1st.— One  tliousand  cubic  feet  per  minute;  or  2d. — So  much  as 
will  be  drawn  through  a  central  discharge  water-wheel  of  the  kind  now  used  on 
the  Canal,  with  a  spout,  the  cross  section  of  which  shall  be  lSS)i  square  iuches 
at  the  smallest  point,  provided  the  outlet  docs  not  exceed  in  diameter  one- 
half  the  diameter  of  the  wheel,  nor  in  clear  opening  a  surface,  3X  times  the  sec- 
tion of  the  spout ;  or  3d.— So  much  as  will  be  drawn  through  a  Reynolds  wheel 
with  a  spout,  the  cross  section  of  which  measures  166^  square  inches  at  the 
smallest  point,  provided  the  total  outlet  docs  not  exceed  toe  section  of  the  spout 
more  than  50  per  cent.,  and  the  superficial  center  of  the  outlet  is  not  over  2-3  the 
radius  of  the  wheel  from  the  center  thereof.  The  second  and  third  alternatives 
are  estimated  to  give  the  same  quantity  of  water,  and  equal  to  about  1175  cubic 
feet  per  minute»  when  the  clear  head  on  the  wheel  is  16  feet. 


Dayton,  Ohio,  July  12, 1877. 

James  Emebson  :  Deab  Sib  :— Water-power  is  supplied  to  the  mills  on  the 
three  levels  or  falls  through  metallic  gauges;  calculated  and  adapted  to  pass 
under  a  certain  head  so  many  cubic  feet  per  minute.  For  example,  in  the  Day- 
ton Hydraulic  Company  we  give  a  head  of  la  mches  above  the  center  of  the 
gauge,  and  with  that  head  give  233X  cubic  feet  per  minute  for  one  power.  The 
Company  below  us,  under  1  believe  the  same  heiHl,  over  a  10?^  feet  overshot,  give 
300  cubic  feet  per  minute  for  one  power  The  price  per  power  (or  "run  of 
stone,"  as  it  was  originally  called,)  is,  I  believe,  uniformly  here  $200  per  year. 
You  wish,  also  ihe  relative  cost  between  steam  and  water-power.  Water-power  at 
$200  per  yeiir  for  one  run  of  5 '4  horse-power,  would  cost  eleven  sixty-eight  one 
hundredths  dollars  per  day  for  100  horse  power.  Steam,  with  the  latest  improved 
steam-engine,  as  tested  by  experts,  will  give  one  horse  power  with  3  lbs.  coal 

Eer  hour ;  coal  at  $3  per  ton  would  be  ten  eisrhty  one  hundredths  dollars  for  100 
orse  power  per  dayof  24  hours.  An  engine  of  tliis  kind,  with  boilers,  would 
cost  about  $5000.  Water-wheel,  with  the  samo  power,  ••  under  an  ordinary  fall 
12  or  13  feet,"  with  penstock  and  flume  would  cost  about  $2000.  The  foundation 
for  steuu^ngine  would  cost  about  the  same  as  it  would  to  dig  a  wheel  pit.   With 
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an  ordinary  slide  ralTe  en^e,  each  m  we  use,  costs  about  $27  per  day  **  24 
hoars  **  ftHr  KX^  horse  power.  If  I  can  gire  you  further  information,  will  cheer- 
ful^ do  so. 

Very  respectfiilly, 

JOHM  G.  Lows,  Sec'y  &  Sup't  D.  H.  Co. 


OnsATONTO  Watbb  Cokfant, 
BiBMZNGHAM)  CONN.,  July  16, 1877. 

jAins  ExsBSOH :  Dsab  Sm :— Yours  of  the  14th  is  at  hand.  Our  terms  for 
the  rent  of  water,  per  year,  are  $250  per  square  foot,  12  hours  per  day,— one 
square  foot  beins:  a  discnam  of  five  cubic  feet  per  second.  We  nse  the  weir 
measurement  adopting  J.  S.  Francis'  formula  for  the  comi>atation8.  What  we 
desi^oiate  as  a  square  foot  of  water  under  our  head  is  equivalent  to  12.5  horse- 
power, in  short  $20  per  horse-power  per  year  is  about  the  cost  of  water  here. 
With  reference  to  lot  and  buildings  the  Company  offer  inducements  in  propor- 
tion to  the  desirability  of  the  business  to  be  located. 

Respectfully  yours, 

D.  S.  Bkinsmadb,  Secretury. 


Windsor  Locks,  Conh. 

Usu:il  head  24  to  28  feet.  Water  rented  so  mach  per  inch,  yearly,  price  vary- 
ing with  date  of  lease ;  extra  water  now  charged  at  the  rate  of  from  two  to  two 
and  a  half  dollars  per  inch;  quantity  determined  by  apertures  through  iron 
plate ;  apertures,  parallelograms  with  parellel  interior  edges,  center  of  aperture 
to  be  2X  feet  below  the  sunace. 


UNioirYiLUi,  Conk. 

Water  rented  as  follmrs :  The  one  hiring  to  be  entitled  to  such  quantity  as  can 
be  drawn  through  an  opening  one  foot  square,  the  center  of  the  opening  to  be 
under  two  feet  head;  I  think  tiic  power  is  now  owned  by  the  sevenQ  companies, 
and  that  there  Is  none  to  rent. 


COHOBS,  N.  T.,  July  14, 1877. 

Jambs  Biibbson:  Dbab  SiB'.'>Tour  favor  of  lOth  inst.  to  hand.  I  under- 
stand the  charges  of  the  Cohoes  Company  to  be  $200.00  per  Mill  Power  per  year, 
or  $20.00  per  horse  power  which  includes  use  of  water  and  rent  of  land.  The 
leases  define  the  term  "  Mill  Power,"  as  **  a  Water-Power  equivalent  to  the 
power  given  by  the  discharge  and  use  of  six  cubic  feet  of  water  in  each  second, 
when  the  fall  is  20  feet." 

Tours  truly, 

Wk.  T.  Hobbobin. 


OFriOB  OF  THB  DUNDBB  WaTBR-PowBR  &  LaND  Cc, 

87  Leonard  Street,  Nbw  York,  July  12, 1877. 

Jambs  Embbson:  Dbab  Sib:— Your  letter  of  10th  inst.,  received.  The 
Company  leases  its  Mill  Sites  with  one  or  more  "  Mill  Powers."  charging  $700 
per  year  for  each  Mill  Power.  This  price  includes  the  rental  ot  Mill  Sice.  By 
one  Mill  Power  is  conveyed  the  right  to  draw  from  the  nearest  race-way  or  canal 
8>^  cubic  feet  of  water  per  second,  fall  of  22  feet. 

Respectfully,  &c., 

M.  Walkbb,  Secretary. 

Tubnbb's  Falls,  Mass. 

Rent  per  year  for  each  h.  p.  of  water  used  $7.50  or  about  $10  for  each  h.  p. 
that  may  be  utilized  by  the  use  of  good  water  wheels. 
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nuvurm  jjiout  m  qruKtm  oi*  watbb  usxd. 

In  a  caae  at  Jordan,  N.  T.,  there  was  a  dispute  abpnt  the  disoharge  o(  a 
wheel.  The  lease  granted  the  right  to  use  what  water  could  be  drawn  through 
an  opening  10x17  inches  into  a  scroll  wheel.  The  discharge  of  the  wheel  was 
measured  over  a  weir;  the  builder  objected  on  the  excuse  that  he  knew  nothing 
about  such  matters ;  to  get  oyer  that  difficulty  a  mark  was  made  to  indicate  the 
depth  from  the  discharge  of  the  wheel;  then  its  gate  was  closed  and  an  opening 
10x17  inches  cut  in  the  bottom  of  the  penstock  near  the  wheel ;  the  water  was 
then  let  in  and  the  discharge  through  the  opening  oompwed«  and  was  found  to 
be  considerable  less  than  that  of  wheel.  Of  course  there  was  no  chance  to  dis- 
pute that  point. 

DISFUTB  ABOUT  WORK  BONK. 

In  a  recent  case  at  North  Sunderland,  Mass.,  that  had  been  in  dispute  four 
years,  and  quite  a  sum  had  been  expended  in  litigation,  my  services  were 
required  in  court,  where  the  expert  testimony  was  so  scientific  that  it  was  beyond 
my  comprehension.  A  proposal  was  made  and  adopted,  that  the  court  adjourn 
to  meet  at  the  mill,  whore  the  case  could  be  settled  so  that  all  could  understand. 
The  case  was  as  follows :  A  turbine  had  been  put  into  the  mill,  under  the  agree- 
ment that  with  15  inches  of  water,  under  62  feet  head,  it  should  grind  35  bushels  of 
corn  per  hour.  Arriyin^at  the  mill,  a  weir  was  constructed  below  the  wheel,  the 
gate  was  then  raised  until  15  inches  or  394.6  cubic  feet  of  water  per  minute  flowed 
oyer  the  weir;  with  that  quantity  the  wheel  ground  61  and  a  fraction  bushels  per 
hour.  The  suit  ended  there,  and  the  owner  seemed  pleased  that  he  owned  a 
more  valuable  power  than  he  had  thought.  Other  tests  were  made,  from  which 
it  appeared  that  2.07  bushels  were  ground  per  each  horse-power  utilized.  The 
buhr  was  five  feet  in  dimncter,  and  kept  down  to  145  revolutions  per  minute. 

DISFUTB  AS  TO  WHICH  USXD  THB  X08T  WATBB. 

To  settle  a  case  at  Auburn,  N.  T.,  where  a  fine  power  is  owned  by  L.  W.  Nye 
and  the  Auburn  Mf 'g  (;o.,  weirs  were  put  in  above  their  miUs,  the  wheel  gates 
opened  in  full,  then  a  thousand  cubic  feet  per  minute  was  allowed  to  flow  into 
each  tail  race  through  flume  and  wheel;  permanent  marks  were  made  on  iron 
scales,  firmly  secured  to  the  wall  of  each  tail  race,  then  marks  were  added  for 
1500,  2000.  2500,  3000,  3500,  4000,  4500,  5000,  and  finally  5236,  as  the  maximum 
the  Manu&cturing  Company's  wheel  could  discharge.  The  dischar^  of  Mr. 
Nye's  wheel  had  stopped  at  3900  cubic  feet  per  minute.  The  scales  m  the  tail 
races  remain  and  denote  at  any  time  the  quantity  of  water  used  by  each  party. 
The  weirs  above  the  mills  were  removed  as  soon  as  the  scales  were  marked.  In 
well  constructed  tail  races  the  quantity  used  may  be  very  accurately  denoted, 
though,  of  course,  the  plan  will  not  answer  where  the  water  from  dimrent  milb 
is  discharged  into  the  same  pit,  or  where  there  is  backwater. 


Backwater  Suits. 


There  are  mill-owners  in  all  parts  of  the  country,  who  believe  themselves 
injured  by  backwater  from  dams  oelow;  to  such,  the  case  of  L.  L.  Brown  &  Co. 
vs.  H.  N.  Dean  A  Son  of  South  A  dams,  Mass. ,  will  be  of  interest.  Where  Brown's 
paper  mill,  M.  M.,  now  stands,  was  started  60  years  since  a  saw  and  grist  mill; 
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M  may  be  seen  in  sketch;  this  is  near  the  head  of  one  of  the  branches  of  the 
river  which  forms  the  island.  Deau's  tannery  was  afterwards  located  on  the 
race  6 ;  the  dotted  line  3  represents  the  dam  therefor ;  the  crest  of  this  dam  was 
about  level  with  the  bottom  of  the  saw  mill  wheel  pit ;  flush  boards  were  used  to 
raise  the  dam. still  higher,  as  the  bed  of  the  stream  above  was  then  so  high  as  to 

Ere  vent  flowage  back  into  saw-mill  pit  as  claimed  by  Mr.  Dean.  There  seems  to 
ave  been  a  dispute  about  the  right  to  use  the  flush  boards,  though  it  was  con- 
ceded that  they  were  almost  constantly  in  use,  though  at  times  removed  when 
power  was  not  required  at  the  tannery.  Afterwards  Mr.  Dean  purchased  an  old 
fulling  mill  privilege,  and  moved  his  tannery  further  down  stream ;  erecting  a  new 
dam  which  is  marked  5,  the  water  being  conveyed  to  tannery  through  the  race  8. 
The  dotted  line  4  represents  the  fulling  mill  dam  but  little  of  which  remains,though 
there  is  sufiicient  to  show  that  it  was  at  least  5X  inches  higher  than  the  new  dam, 
the  crest  of  which  is  six  or  seven  inches  higher  than  the  floor  of  wheel  pit  in  what 
is  now  Brown's  paper  mill;  the  stream  over  the  new  dam  is  38 >^  feet  in  width;  at 
the  old  tannery  dam  it  is  considerably  narrower.  The  crest  of  the  old  dam  is 
removed,  still  the  foundation  is  but  a  little  lower  than  the  crest  ot  the  new  dam. 
Two  4d-inch  Swain  turbines,  1  and  2,  have  been  placed  in  Brown's  mill  to  drive 
the  machinery ;  these  take  the  water  from  the  pond  p,  through  the  sluices  shown ; 
the  discharge  from  the  upper  one  passes  down  through  arched  races  7,7,  and  is 
discharged  below  the  lower  turbine  into  the  main  race,  which  is  here  but  a  little, 
if  any,  over  14  feet  in  width ;  this  race  has  rough  stone  side  walls.  These  wheels 
unitedly  discharge  from  125  to  138  cubic  feet  of  water  per  second;  and  the  depth 
in  race  is  25  inches  where  the  width  is  14  feet;  23 >^  inches  where  the  width  is  18 
feet,  and  still  less  as  the  width  increases ;  as  it  flows  over  the  new  dam  it  is  but 
nine  inches  in  depth ;  the  velocity  is  much  greater  below  the  old  tannery  dam  than 
above.  Mr.  Brown  claims  that  the  new  £km  backs  the  water  on  to  his  wheels ; 
to  prove  this,  witnesses  testify  that  until  the  new  dam  was  constructed  there 
never  was  any  water  in  his  wheel  pit  when  his  gates  were  closed,  but  now  there 
always  is.  It  was  proved  by  Brown's  witness  that  in  race  6  Dean  had  5>^  to  6 
ft.  head,  and  he  now  has  but  5,  while  he  discharges  into  the  river  much  lower  down. 
Mr.  Brown  denies  that  the  race  has  ever  been  lowered,  but  the  bottom  is  now 
composed  of  small  pebbles  and  gravel,  while  for  miles,  above  or  below  the  mill, 
the  bed  of  the  river  is  literally  paved  with  stones  rounded  by  attrition,  varying 
in  size  from  two  inches  to  as  many  feet.  With  a  discharge  from  good  wheels  of 
138  cubic  feet  per  second,  the  depth  over  a  14  foot  weir  would  be  25  inches,  so 
that  it  is  plain  that  Dean's  dam  is  not  the  cause  of  the  depth  in  the  tail  race  of 
Brown's  mill.  That  there  was  no  water  in  the  saw  mill  pit  while  Dean's  mill  was 
at  race  6  is  readily  accounted  for  from  the  fact  that  that  race  drained  the  saw  mill 
pit  while  it  was  open,  but  that  race  was  filled  up  when  the  new  dam  was  con- 
structed. The  water  in  the  pit  since,  when  wheel  gates  are  shut,  is  simply 
standing,  not  backwater.  Though  denying  that  the  race  had  been  lowered  it 
was  not  denied  by  Mr.  Brown  that  the  boulders  had  been  cleared  out  of  the  race, 
and  of  course  it  would  have  been  useless  to  remove  these  boulders  unless  they  had 
obstructed  the  discharge  from  the  mill  above.  From  the  character  and  tone  of 
Brown's  witnesses  it  was  evident  that  they  were  sincere  in  their  statements ;  but 
nature  furnishes  better  evidence  that  the  tail  race  had  been  lowered,  also,  that  if 
Dean  had  a  right  of  5>^  to  6  feet  head  at  race  6  he  could  not  possibly  encroach  upon 
the  privilege  above,  with  a  5  foot  dam  at  race  8.  I  was  not  called  into  the  case 
until  the  day  before  the  trial  commenced,  and  had  no  knowledge  of  the  place 
before,  so  that  I  was  unable  to  account  for  the  water  standing  in  Brown's  pit 
after  Dean's  new  dam  was  constructed,  until  it  happened  to  be  mentioned  that 
the  race  6  was  filled  up  as  soon  as  the  tannery  was  moved  to  the  new  dam ;  then 
the  cause  became  plain,  but  it  was  too  late  to  explain,  and  the  fact  is  only  men- 
tioned that  lawyers  engaged  in  such  cases  may  understand  that  standinq  water 
in  a  wheel  pit  is  beneficial  instead  of  injurious.  As  the  wheels  in  Brown's  mill 
discharge  double  the  water  used  by  Mr.  Dean,  it  would  have  been  much  less 
expensive  to  have  furnished  Mr.  Dean  with  a  larger  wheel  so  that  he  could  have 
obtained  more  power  even  with  less  head. 


Vexatious  Waste  of  Water, 


One  of  the  most  vexatious  grcivances  suflered  by  manufacturers  arises  through 
the  following  circumstances.  Suppose  a  dozen  mills  to  be  located  within  a  short 
distance  upon  the  same  fall,  one  above  the  other ;    eleven  of  them  have  wheels 
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with  which  the  natural  flow  of  the  etream  l8  amplr  snffident  to  Iceep  their 
machinerj  in  constant  motion ;  bat  the  upper  mill  of  the  dozen  has  wheels  of  the 
poorest  kind,  so  that  ihey  require  double  the  water  necessary  to  do  the  work  of 
mill,  and  the  owner,  through  mulish  pervi-rsenes^  continues  their  use,  each  day 
exhausting  his  pond  by  uoon,  then  an  half  of  the  water  has  flowed  over  the  dams 
below,  all  of  the  mills  have  to  st  tnd  idle  the  rest  of  the  day.  Of  the  equity  in 
such  a  case  there  can  be  but  one  opinion;  no  engineering  skill  can  aid,  and 
only  the  strong  arm  of  the  law  can  r  emedy  the  matter.  Such  cases  are  yery 
common. 


"Bflaciency,  Useful  Effect,  or  Percentage." 


Are  terms  used  to  denote  the  economy  of  a  wheel  in  its  use  of  water,  or  the 
number  of  gallons  it  will  pump  back  into  the  pond  for  each  one  hundred  gallons 
drawn  therefrom  to  driye  the  wheel  There  are  wheels  that  for  each  hundred 
gallons  used  will  return  but  twenry-fiye,  others  will  return  fifty,  while  medium 
wheels  return  seyenty-five,  a  better  class  eif^lity  to  eighty-fiye ;  the  very  hi<;hest, 
under  favorable  circumstances  will  return  something  oyer  ninety  per  cent.,  and 
of  course,  other  merits  being  equal,  are  by  far  the  most  desirable. 


What  is  the  Beal  ^Working  Head? 


The  term  "Head"  as  used  in  connection  with  water-power  means  the  differ- 
ence in  heisrht  from  the  surface  of  water  in  wheel  pit  to  the  surface  in  the  penstock 
above,  when  the  wheel  is  running. 


What  is  a  Square  Inch  of  Water? 


A  square  inch  of  wate.r  means  a  stream  exactly  an  inch  square,  its  length 
depending  upon  the  head  from  wliich  it  issues ;  for  a  head  of  four  feet,  it  means 
a  stream  an  inch  square,  16,04  feet  in  len|^h,  per  second;  for  a  head  of  a  hundred 
feet,  a  stream  an  inch  square,  80.35  feet  in  length,  per  second.  To  turn  this  into 
cubic  feet,  multiply  by  12,  then  divide  by  1728. 


Pressure  of  Water  on  Dams  and  Boilers. 


The  pressure  depends  upon  the  length  of  dam  and  depth  of  water.  It  makes 
no  dtflorrnce  whetlier  the  pond  extends  hack  a  rod  or  a  mile.  So  of  steam 
boilers — the  large  boiler  requires  thicker  iron,  simply  because  there  are  more 
sqnarc  inches  of  surface. 


What  Power  is  Required  to  Drive  a  Run  of  Stones. 


A  more  difiicult  question  to  answrer,  because  the  quantity  ground  in  a  given 
time  has  much  to  do  with  it;  experienced  millers  west  do  not  use  more  than  fif- 
teen horse-power  per  run.  including  r*  ceiviug  grain,  flouring  and  delivery  in 
barrels.  Whiti^  &  Beyuon.  Lanesboro,  Mi*  n.  have  six  run  of  stones;  have  89 
horse-pow.-r  of  water,  about  72  horse-power  actual;  keep  five  run  at  work,  the 
sixth  being  stopped  for  sharpening.  White,  Nash  &  ( 'o.  of  the  same  place  have 
the  same  power,  five  run  of  stones,  four  kept  conslant'y  running;  use  their 
wheel  at  part  gate.  It  will  be  seen  by  examination  «tf  the  Dayton,  Ohio,  water 
renting  rate  that  5)^  h.  p.  has  been  considered  sufficient  for  a  run  of  stones, 
while  with  the  1000  cubic  fet-.t  allowed  at  Oswego,  N.  Y.,  used  on  a  Reynolds 
wheel  would  not  realize  more  than  15  h.  p.,  so  that  15  h.  p.  for  each  run  of  stone 
and  necessary  machinery  is  a  liberal  allowance. 
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Loss  of  Head  throuerh  the  Use  of  Small  Conduit. 


A  belief  prevails  among  tnrbine  bailders  that  where  the  water  approaches 
a  wheel  with  perceptible  velocity  that  tliere  is  a  corresponding  loss  of  head 
so  that  the  wheel  can  not  transmit  the  power  due  the  head.  Suc^  is  not  mj 
belief,  for  there  seems  to  be  no  good  reason  for  ignoring  the  momentum  f^ned 
by  such  Telocity,  that  is  within  reasonable  limits.  The  woolen  mill  of  Beebe, 
Webber  &  Co.,  of  Holyoke,  is  located  below  the  second  level.  Head  varies  from 
eleven  to  twelve  feet.  Originally  the  use  of  only  five  sets  of  machinery  was 
contemplated.  The  water  is  brought  to  the  mill  throng  a  round  wooden  trunk 
75  feet  in  length,  with  an  inside  diameter  of  57  inches.  The  wheel  pit  is  circular, 
14  feet  in  diameter,  and  2^  feet  in  depth.  A  fire  foot  Tyler  Scroll  wheel  had 
been  used  fourteen  years,  but  was  unable  to  transmit  sufficient  power  to  drive 
the  eight  sets  of  macliinerv  now  in  the  mill,  and  it  was  found  to  be  necessary  to 
obtain  more  power,  but  the  small  size  of  trunk  and  shallowness  of  pit  caused 
wheel  builders  to  hesitate,  throufch  fear  that  the  loss  from  head  would  more  than 
equal  any  gain  that  could  be  obtained  through  increase  in  size  of  wheel.  I  rec- 
ommended the  use  of  a  60-inch  turbine,  and  the  builders,  Messrs.  Fales,  Jenks  & 
Sons  were  induced  to  guarantee  eighty-fiye  horse-power  under  the  existing  con- 
ditions. The  wheel  was  set  and  my  brake  applied.  Before  the  gate  was  opened 
the  difference  betwi-en  the  level  of  the  two  canals  was  found  to  be  11  feet,  8 
inches;-  For  that  head  I  calculated  that  4000  pounds  should  balance  the  force  of 
the  discharge  with  the  gate  open  and  the  wheel  held  stationary  by  the  brake, 
and  on  opening  the  gate  that  weight  which  had  been  put  on  the  beam  was  found 
to  exactly  balance,  though  the  head  on  the  wheel  was  less  than  ten  feet.  Under 
ordinary  conditions  th  •  wheel  used  will  carry  at  its  best  speed  exactly  half  what 
it  will  balance  when  held  stationary  by  the  brake ;  but  the  velocity  of  the  water 
seemed  to  change  its  character  somewhat,  for  it  gave  its  highest  result,  88.66  h. 
p.,  carrying  190O  pounds  at  77  ri'volutions  per  minute ;  its  tabled  speed  was  sev- 
eral revolutions  less ;  at  that  speed  the  head  as  shown  by  a  glass  tube  inserted 
in  penstock  directly  over  the  wheel  was  found  to  be  10>^  feet. 


Turbine  Builders'  Theories, 


It  is  an  old  theory  in  turbine  building  that  turbines  should  carry  about  half  what 
they  can  lift  when  held  stationary;  with  gate  opened  in  full,  the  Houston  wheel 
almost  invariably  does  so,  and  there  are  a  fuw  others  that  approach  that  rate, 
while  there  are  many  that  do  not.  Many  of  the  Risdon  wheels  ruu  with  three- 
fourths  of  what  they  can  lift.  Some,  wheels  will  run  with,  say,  nine  hundred 
pounds,  and  only  lift  ono  thousand.  A  few  days  since  a  wheel  was  brought  to  be 
tested;  it  was  set  and  tried  first  while  held  by  brake;  gate  opened  in  fim,  it  bal- 
anced 470  pounds,  head  18.59  feet,  discharging  928  cubic  feet  per  minute.  It  was 
started  with  300  pounds  making  178  revolutions  per  minute,  and  discharving  1241 
cubic  feet  of  water;  weight  was  gradually  added,  the  speed  decreasing  with 
each  addition,  while  the  discharge  increased.  Discharging  1289  cubic  feet,  it 
made  124  revolutions  per  minute  and  carried  475  pounds.  It  was  stopped  b^ 
brake,  then  of  course  could  not  start  until  partially  unloaded.  It  will  be  obvi- 
ous to  all  that  the  more  surplus  lifting  power  a  turbine  has  the  steadier  it  will 
run  under  sodden  changes  produced  bv  adding  or  throwing  off  machinery;  the 
wheel  was  a  central  discharge.  Builders  starting  with  such  are  behind  the 
age. 

A  Proposition  of  Seemingr  Equity  that  has  no 

Merit. 


A  common  proposition,  and  to  those  unacquainted  with  the  subject  a  seem- 
ingly fair  one,  is  that  two  turbines  shall  be  connected  together  and  their  merits 
deteimined  by  ascertaining  which  shall  drive  the  other.  Such  a  test  would  be 
perfectly  worthless.  The  pitch  of  the  buckets  of  one  might  be  such  that  it 
would  under  the  head  tried  carry  100  ponnds,  and  make  200  revolutions  per  min- 
ute, while  those  of  the  other  might  be  such  that  it  would  carry  200  pounds  and 
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make  100  ra^^ations  per  minute,  both  lifting:  the  same  quantity  of  water  during 
tlie  trial*  •  Ot  course  the  slow  wheel  would  drive  the  fast  one,  but  other  thinga 
being  equal  the  fast  wheel  would  be  the  best. 


Bckckwater. 


Turbines  of  any  make  are  not  perceptibly  effected  by  backwater  except 
through  loss  of  head.  I  think  a  sbght  dlfierenoe  was  found  by  a  commission 
appointed  by  the  French  goverameut  to  experiment  with  the  Foumeyron 
wheels.  I  have  in  two  or  three  cases  where  long  draft-tubes  were  used,  thought 
the  1(^8  greater  than  should  occur  from  the  loss  of  head,  but  have  had  no 
chance  to  determine  the  matter  by  actual  test. 


Submerging  Turbines, 


Many  builders  insist  that  it  is  essential  that  a  turbine  should  dischai^e  under 
water,  but  it  is  doubtful  for  the  same  head  whether  it  makes  any  di£^rence  if 
the  wheel  is  properly  made,  though  it  prevents  trouble  from  ice  and  generally 
extra  head  is  gained  by  submerging  lower  part  of  wheel. 


Draft  Tubes. 


If  a  draft-tube  for  any  considerable  proportion  of  the  head  is  used,  its  lower  end 
should  be  submerged  to  such  depth  as  to  render  its  immersion  constant,  other- 
wise when  first  starting  up  only  the  head  above  the  wheel  will  be  available  until 
the  discharge  has  exhausted  the  air  from  the  tube,  then  when  it  does  take  hold, 
unless  the  gate  of  the  wheel  works  very  quick  the  speed  is  wild  for  a  short  time. 
Where  there  is  backwater  some  length  of  time,  a  short  draft-tube  renders  it 
convenient  to  get  at  the  wheel  in  case  it  is  necessary  to  do  so,  but  in  most  cases 
I  should  prefer  to  have  the  lower  part  of  a  turbine  stand  in  the  tail  water. 


Percentage  of  Discharge. 


The  discharge  of  a  turbine  in  proportion  to  its  openings  depends  upon  its  con- 
struction. With  those  of  a  central  discharge  it  is  the  least;  with  such  wheels  ol 
fair  efficiency  it  is  likely  to  range  between  40  and  50  per  cent.,  with  outward  dis- 
charge. 60  per  cent,  and  upwaids,  while  with  those  discharging  the  water  dowur 
wards  it  averages  about  55  per  eent.  The  chutes  of  a  curb  are  made  much 
larger  at  their  outer  than  their  inner  ends,  consequently,  can  pass  much  more 
water  than  the  wheel  will  discharge,  though  the  openings  of  the  wheel  may  be 
somewhat  the  largest,  so  that  the  openings  of  the  wheel  govern  the  dischiirge. 
In  the  past,  engineers  have  expended  more  time  inventing  impossibilities  and 
hair  splitting  theories  than  in  determining  by  simple  tests  points  in  dispute  easy 
of  solution.  It  is  hardly  possible  that  a  case  can  ever  arise  in  milling  matters 
that  a  really  intelligent  engineer  cannot  readily  solve  the  difficulty,  and  make  it 
so  simple  and  plain  as  to  give  no  excuse  for  litigation,  and  what  is  more  to  the 
point,  in  many  eases  both  parties  can  be  benefited  at  a  tithe  of  the  expense 
caused  by  a  suit  at  law.  If  there  is  a  difference  of  opinion  about  power  used, 
the  matter  may  readily  be  determined,  as  may  be  the  case  if  the  dispute  is  about 
the  quantity  of  water  used ;  and  the  power  of  steam  is  as  readily  determined  as 
that  of  falling  water.    A  few  plans  tried  by  myself  are  here  given : 

"DISPUTE  ABOUT  BPnCIBNCT  OF  TURBINE." 

Thomas  Harris,  of  Providence,  B.  I.  expended  something  like  $9,800  experi- 
menting with  four  Leflel  wheels  in  a  mill  at  Putnam,  Ct.,  head  of  28  feeU  A  40. 
inch  wheel  was  tri.  d  first,  then  a  deeper  whoel,  same  size,  then  a  48-inch  wheel, 
then  a  second  48>iuch  of  extra  depth ;  the  speed  of  looms  could  not  be  got  above 
I2f5  picks  per  minute.  I  was  called  in  to  test  the  power  and  select  a  suitable 
wheel,  liy  stopping  eleven  spinning  frames  the  rest  of  the  machinery  was 
brought  up  to  speed.  The  wheel  was  then  tested  and  found  to  give  186  h.  p. 
Allowing  17  h  p.  for  the  eleven  spinning  frames,  and  20  additional  for  cold  morn- 
ings and  backwater.  1  selected  a  wheel  of  220  h.  p.  ^ince  that  wheel  was 
placed  in  the  mill,  the  production  has  been  increas-  d  1000  yards  per  day.  40-iiich 
sheeting,  while  the  discharge  of  water  has  been  one-fifth  less  than  required  for 
the  Le&l  wheel.    The  expense  of  changing,  my  charge  included,  was  $1,500, 
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Hiffhest  Possible  Results  OaaranteedL 


For  Tears  past  turbine  builders  of  a  certain  class  hare  unhesitatiii^ly  promised 
what  they  well  knew  at  the  time  their  wheels  could. not  do.  "Die  practice  has 
been  so  general  that  even  in  court  it  has  been  offered  and  rather  accepted  as  an 
excuse,  that  though  the  wheel  only  accomplished  one-half  what  was  promised, 
the  goarantee  was  no  more  extrayagant  than  the  average  turbine  builder  would 

{^ive,  simply  because  there  was  no  means  within  the  reach  of  ordinary  builders 
or  determining  such  matters.  The  case  is  very  different  now  and  purchasers 
are  less  inclined  to  submit  or  juries  to  excuse,  and  builders  will  do  well  to  take 
heed  aecordiugly.  It  has  been  my  lot  within  two  years  to  be  employed  as  expert 
in  four  different  cases  in  which  the  same  builder  has  been  interested. 


•• 


Chippingr  Buckets." 


Has  been  mentioned  frequently  in  these  reports;  the  plan  has  been  tried  with 
many  kinds,  not  always  successfully ;  it  does  not  haye  much  effect  on  the  P^sdon 
wheel,  the  reyersed  curyes  of  the  buckets  of  that  wheel  seeming  to  answer  the 
same  purpose.  Cliipping  away  the  edge  of  buckets  reduces  diameter  of  wheel 
aboye  the  bottom  or  chutes,  so  that  its  speed  is  usually  inci  eased  thereby. 
(See  Tyler's  tests.)  While  increasing  whole  gate  results  it  usually  injures  the 
wheel  at  part  gate.  It  would  seem  that  where  the  edges  of  the  buckets  extend 
close  to  end  of  chutes  that  they  act  like  a  fan  or  rotary  pump  and  draw  the  water 
into  the  wheel.  Chipping  the  ouckets  away  often  reduces  the  dischar|^.  Increas- 
ing fate  opening  does  not  increase  d^charge  beyond  a  certain  limit,  though  it 
may  naye  good  effect  by  changing  direction  of  water  through  the  chutes. 


Tight  Gates,  or  Good  Part  Gates. 


Probably  a  hundred  objections  haye  been  made  to  wheels  with  leidcy  gates 
where  one  has  been  made  to  those  only  reasonably  efficient  while  working  with 
gate  opened  in  full,  which  can  neyer  be  the  case  if  a  goyemor  is  necessary.  The 
most  leaky,  fly-trap  gate  in  use  can  not  waste  more  than  four  or  fiye  per  cent., 
while  the  Boyden,  Houston,  Collins.  Hunt,  Geyeline  and  man^  other  wheels  of 
the  same  nature  waste  from  25  to  50  per  cent,  daily,  if  run  from  one.third  to 
three.fourths  gate  as  wheels  are  often  used. 


Variation  of  Turbines. 


One  of  the  most  difficult  matters  in  relation  to  turbines,  is  to  make  purchasers 
realize  the  fact  that  wheels  made  from  the  same  patterns  yary  exceedingly  in 
useful  effect;  yet  it  has  been  well  understood  for  twenty  years  past  that  a  tur- 
bine doing  well  in  a  mill  affords  no  guarantee  that  another  of  the  same  make 
will  criye  equ^  satisfaction  in  another  mill;  hence  the  uncertainty  that  has  pre- 
yailed  for  years  past.  My  report  of  tests  will  shdw  this  to  be  the  case  with 
wheels  of  all  makes.  But  a  few  special  cases  are  giyen  here :  The  Tyler  wheel 
first;  a  30-inch  flume  wheel  tested  April  20, 1876. 


Remarks. 

No.  of  Test. 

Head. 

Wht. 

Bey. 

H.P. 

Weir. 

Cubic 
feet. 

Per 

Cenu 

Leakage,  70.77 
Cubic  feet, 

April  20, 1876. 
Whole  Gate. 

18.43 

375 

168.6 

28.72 

765 

1246.64 

.6618 

The  buckets  were  cut  back  to  first  white  line  shown  on  diagram  of  wheel,  (see 
next  page),  then  it  was  tested  again. 


Leakage,  59  32 
Cubic  feet. 


April  21 


18.65 


375 


202 


34.43 


753 


1226.55 


.7970 


The  buckets  were  then  chipped  back  to  the  second  line ;  the  gate,  an  inside  regw 
ister,  had  six  openings  2^  x  12  inches ;  these  openings  were  mcreased  to  three 
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Inches  in  width,  to  twelye  inohea  in  hdg^t;  then  the  wheel  wm  tested  a  third 
time,  April  22. 

Whole  Gate. 
Leakage,  67.88  cable  feet. 
Length  of  Weir  10  feet.    Temp. 
of  water,  45  Fah.     Weight  of 
water  per  cubic  foot,  62.378. 
Circumference  of  Circle  15  ft., 
application  of  two  pounds  at 
the  periphery  rotated  wheel. 

Part  Gate 


18.50 

640 

000 

000 

.786 

1302.57 

18.50 

875 

219 

37.32 

.742 

1190.26 

18.50 

385 

215.3 

87.67 

.738 

1180.19 

18.48 

895 

209 

37.52 

.745 

1197.81 

18.49 

400 

205 

37.27 

.745 

1197.81 

18.50 

890 

211 

37.40 

.743 

1192.77 

18.50 

380 

215 

37.13 

.740 

1185.22 

18.50 

870 

220 

37.00 

.738 

1180.19 

.0000 
.8966 
.9127 
.8966 
.8904 
.8060 
.8958 
.8966 


<• 
It 
(» 

n 
c« 
tt 


(I 
It 
«< 


18.60 

325 

215 

31.76 

.680 

1037.38 

18.62 

300 

209 

28.50 

.650 

965.60 

18.67 

275 

212.5 

26.56 

.628 

914.01 

18.76 

220 

213.5 

21.35 

.662 

764  49 

18.85 

160 

215 

15.63 

.486 

602.53 

58.93 

105 

213.5 

10.18 

.417 

465.71 

19.01 

60 

197 

5.37 

.345 

334.25 

.8709 
.8886 
.8284 
.7880 
.7280 
.6109 
.4471 


The  tests  of  the  22d  were  too  regular  to  allow  of  doubt  as  to  their  accuracy ; 
they  were  not  made  in  haste ;  the  wheel  was  stopped  after  the  third  test,  result 
worked  out  and  the  matter  considered. 

The  wheel  was  returned  to  shop  and  refinished;  the  edges  of  the  buckets  being 
smoothed  up,  holes  were  drilled  in  the  heav^  side  of  wheel  and  plugged  with 
wood  to  balance  it,  then  it  was  sent  to  Centennial,  afterwards  retumea  to  me  for 
re-test.  The  moment  its  gate  was  opened  after  it  was  set  for  test,  it  was  evident 
it  had  been  changed;  it  was  so  sensitiye  that  it  was  almost  impossible  to  control 
it  with  the  brake.  It  could  not  be  made  to  work  easy,  though  tried  in  various 
ways.    The  data  and  results  below  are  the  hest  obtained : 


Head. 

Weight. 

Bevolu- 
tions. 

Horse 
Power. 

Weir. 

Dis- 
charge. 

Per 

Cent. 

18.38 

875 

221 

87.67 

.794 

1818.42 

.8242 

The  leakage  into  pit  from  flume  was  72.73  cubic  feet  per  minute ;  adding  ten 
pounds  to  the  weight  to  make  up  for  the  difference  required  to  rotate  the  wheel, 
would  have  increased  the  power  to  88.67,  and  percentage  to  84.62.  After  the 
trial  the  step  was  found  to  be  canted  over;  the  wheel  was  taken  to  machine 
shop  and  changed  three  times  after  the  first  trial,  making  four  trials  in  all,  vary- 
ing out  slightly  from  the  first  test.  The  last  time  it  was  taken  to  the  shop  the 
lower  rim  was  reduced  by  a  chip  1-32  of  an  inch  all  around  it,  causing  an 
increased  discliarge.  The  data  and  results  of  best  tests  of  the  trial,  before  and 
aft»r  reducing  rim,  are  g^ven  below  to  show  the  accuracy  of  weir  measurements 
compared  wiUi  theoretical  discharge  due  the  increased  area  of  opening.    Besults 

of  test  before  the  rim  was  turned  off,  then  after  it  was  reduced : 

__. 

Cent. 


Before 

After  . 


Head. 

Weight. 

Eev. 

Horse 
Power. 

Dis- 
charge. 

18.40 
18.39 

375 
385 

218 
214.4 

37.16 
37.52 

1328.45 
1353.80 

.8061 
.8010 


Actual  increase  as  per  weir  measurement 25.36  cubic  feet 

Theoretical  discharge  due  the  increased  opening, 25.31  cubic  feet 

Test  of  a  43-inch  Risdon  wheel,  April  28, 1874.  Same  brake  used  as  for  testing 
the  Tyler.  Correction  for  leakage  into  pit  77.74  cubic  feet.  Weight  of  water 
per  cubic  foot,  62.38.     Length  of  weir,  10  feet.     Temperature  of  water,  40  Fah. 

Per 

Cent. 

.9132 
.8877 
.8910 
.9021 
.9121 
.8834 
.8613 
.8331 
.7559 
•7439 


Whole  Gate, 


II 
II 
II 
II 
II 
II 
II 


Head. 

Weight. 

Rev. 

Horse 
Power. 

Weir. 

Cubic 
fpet. 

17.91 

1200 

151 

82.36 

1.256 

2664.03 

17  93 

1200 

148 

80.72 

1.260 

2676.91 

17.92 

1200 

148.8 

80.89 

1.261 

2680.14 

17.90 

1250 

144.5 

82.10 

1.264 

2689.82 

17.98 

1150 

146.5 

76.58 

1.195 

2469.92 

18.00 

1200 

137.5 

75.00 

1.203 

2495.13 

18.17 

1000 

147 

66.82 

1.127 

2258.84 

18.29 

850 

150 

57.95 

1.045 

2012.02 

18.30 

700 

138.6 

44.10 

.932 

1686.47 

18.43 

650 

148 

43  72 

.932 

1686.47 
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Ihtt  report  of  fhe  foregolngr  tett  eaniod  Otto  Troott  of  WinoBA,  lfiniL»to  order 
one  like  it.  The  ord|t;r  was  to  get  one  as  good,  let  the  cost  be  what  it  woald. 
Mr.  Bisdon  built  cue  from  the  same  patterns  and  sent  it  to  me  to  be  tested. 
Sight  pounds  rotated  the  whi-el.    The  results  arc  given  below: 


Whole  Gate,  July  8, 

17.83 

1200 

142.5 

77.73 

1.290 

2795.31 

.8264 

17.82 

1220 

138.5 

76.80 

1.291 

2798.25 

.8159 

17.82 

1240 

136 

76.65 

1.290 

2795.31 

.8153 

Leakage  66.57  cu.ft. 
Wgt.oFwater  62.285 

17.80 

1180 

143.5 

76.95 

1.286 

2782.27 

.8167 

17.79 

1160 

145.5 

76.72 

1.284 

2775.77 

.8231 

17.79 

1140 

147.5 

76.43 

1.282 

2769.27 

.8220 

Part  Gate, 

17.84 

1100 

142.5 

71.25 

1.230 

200193 

.8136 

•(       «« 

17.84 

1125 

139.7 

71.60 

1.232 

2608.31 

.8140 

«       « 

17.92 

940 

148 

63.23 

1.160 

2381.74 

.7886 

<«       « 

17.92 

960 

146.5 

63.92 

1.162 

2387.94 

.7915 

«<       (( 

17.92 

980 

143.5 

63.95 

1.164 

2894.16 

'.7997 

•«       ■« 

17.91 

1000 

142 

64.54 

1.166 

2400.88 

.7954 

Taken  to  machine  shop,  then  re-tested  July  9th ;  required  11  pounds  to  rotate 
wheel. 


1    18.00    1                1 

141.5 

1     77.18 

1    1.289 

1  2782.45  1 

.8168 

Again  taken  to  shop,  then 

re-tested 

July  13. 

1    17.97    1               i 

146 

1    76.82 

1     1.286 

1  2772.69  j 

.8119 

Taken  to  machine  shop 

a  third  time,  re-tested  July  16. 

17.97 


152.5    I     76.24   |    1.284    i  2766.19  |    .8131 


I  will  here  explain  about  slight  chunges  mentioned  in  report  of  Bisdon's  tests. 
First,  a  25-inch  Bisdon  wheel  was  tested.  June  16, 1874;  it  gave  75  per  cent,  use- 
ful effect.  Mr.  Kisdon  had  it  taken  to  shop  and  the  rim  of  wheel  reduced  the 
lightest  chip  possible ;  the  wheel  was  re-tested  the  next  day  and  gave  .8704  per 
cent.    A  second  25-inch  was  tested  July  20. 


Head. 

Weight. 
320 

Eev.  per  M. 

Horse  Power 

1  Cubic  feet. 

Per  Cent. 

18.41 

232 

22.49        1      845.93. 

.7665 

The  wheel  was  taken  to  the  shop  and  the  bridge  tree  lowered  one  and  a  half 

inches ;  then  re-testi'd  July  21. 

Head. 

Weight. 

Hov.  per  M. 
256 

Horse  Power 

Cubic  feet. 

Per  Cent. 

18.61 

320 

24.82 

823.06 

.8593 

A  54-inch  Risdon  was  tested,  July  12, 1876. 

Head.            Weight. 

Bev.  per  M.  1  Horse  Power  1  Cubic  feet.  |  Per  Cent. 

17.06                1900 

107 

1       123.21 

1      5047.72 

1       .7586 

When  the  wheel  was  put  together  the  chutes  projected  too  fkr  Inward,  and  the 
inner  ends  were  cut  off  leaving  them  square  across,  and  about  half  an  inch  in 
thickness ;  after  the  test  the  wnecl  was  taken  out  and  the  back  side  of  the  inner 
end  of  chutes  were  chipped  away,  leaving  the  ends  a  "quarter  round;"  this 
added  ten  square  inches  to  the  openings ;  the  wheel  was  re-tested  Aug.  1. 


Head. 


Weight.      I  Rev.  p<  rM.  {Uorse  F'owor 


8.66 


1400 


78.5 


49.95 


Cubic  feet. 


3742.54 


Per  Cent. 


.8177 


Similar  variations  will  be  found  in  testing  any  make  of  wheels.  When  the 
system  of  testing  commenced  some  ten  years  since,  there  whs  hardly  a  wheel 
tried  that  was  in  a  condition  to  run  until  various  alterations  had  been  made ;  the 
step  was  out  of  place,  or  the  followers  were  made  of  seasoned  wuod  and  would 
swell  and  bind  tne  wheel  as  soon  as  wet.  Few  balanced  th<  ir  wheels,  and  it 
really  needed  a  machine  shop  to  put  wheels  in  order  before  they  could  be  tested ; 
davs,  sometimes  weeks  were  required  V*  test  a  wheel.  Builders  do  better  now, 
still  many  wheels  are  yet  sent  to  mc  th:it  are  in  no  condition  to  be  tried  in  a 
testing  flume  or  mill.  The  test  of  an  Eclipse  wheel  is  given  on  next  page  to 
show  the  effect  of  tight  followers  and  swollen  step;  these  were  loosened  before 
second  trial: 
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THE  POWER  REQUIRED  TO  GRIND  WHEAT, 

CORN,  Ete. 

When  the  testing  system  commenced  it  was  supposed  that  there 
was  great  waste  of  power,  as  the  opinion  prevailed  that  a  bushel 
of  wheat  per  hour  could  be  ground  for  each  horse  power  expended. 

Much  pains  was  taken  to  obtain  data  to  determine  that  point,  and 
several  imperfect  trials  were  reported  in  the  second  and  third 
editions  of  this  work. 

The  first,  a  trial  at  North  Sunderland,  Mass.,  a  half  insane  miller 
doing  what  he  called  the  grinding,  which  simply  consisted  of  crack- 
ing the  com,  leaving  it  about  the  same  as  what  is  called  hominy. 
The  same  was  the  case  in  the  turbine  against  breast  wheel  test, 
near  Hartford,  Conn.  "What  power  is  required  to  drive  a  run  of 
stones,"  is  another  case  often  referred  to.  The  value  of  the  turbine 
AGAINST  BREAST  WHEEL  tcsts  consists  in  showiug  the  comparative 
merit  of  the  breast  wheel  and  turbine,  and  the  difference  in  power 
required  for  cracking  com  or  grinding  it,  and  to  show  that  where 
everything  is  in  perfect  condition  for  a  spurt,  a  bushel  of  rye  or 
wheat  perhaps  may  be  ground  per  hour  per  horse  power,  as  a  horse 
may  trot  a  mile  in  two  and  one-fourth  minutes,  but  the  same  horse 
would  be  killed  in  a  week  if  compelled  to  do  ten  miles  per  hour  ten 
hours  i)er  day.  So  I  will  refer  those  desirous  of  information  about 
grinding  to  the  report  of  the  Elkhart,  Indiana,  tests.  These  were 
made  by  the  most  exhaustive  method  possible. 

No  pains  or  expense  was  spared  in  preparation  or  testing,  then 
the  results  were  carefully  worked  up  while  every  point  was  fresh 
in  mind,  and  it  was  my  urgently  expressed  wish  that  the  opposing 
party,  upon  the  completion  of  the  making  up  of  the  report  of  results, 
shoidd  immediately  be  furnished  freely  with  copies  thereof ;  other 
counsel  prevailed  and  the  reports  were  held  for  two  years,  then 
brought  into  court.  In  that  time  I  had  patented  many  inventions, 
acted  as  expert  in  numerous  cases  of  hydrodynamics,  and  the 
Elkhart  case  had  passed  from  my  mind  as  though  it  had  never 
been  there.  The  printer  in  making  up  the  report  seemed  to  have 
pied  the  form  containing  the  table  of  results  of  grinding,  after  I  had 
read  the  proof,  so  there  were  numerous  errors,  but  that  was  a 
matter  of  little  consequence,  for  the  summing  up  for  the  report 
was  done  from  the  results  of  tests  before  the  table  was  made,  and 
I  here  state  that  those  results  are  as  perfect  as  I  believe  it  is  possible 
to  make  such. 

While  in  charge  of  a  testing  flume,  it  was  my  invariable  rule  to 
refuse  to  make  any  test  that  could  not  be  openly  witnessed  and 
publicly  reported ;  the  Elkhart  tests  were  the  first  and  will  be  the 
last  made  by  me  that  cannot  be  reported  as  soon  as  made. 

It  was  a  practice  for  wheel  builders  to  have  wheels  tested,  hold 
them  awhile,  repaint,  then  send  them  as  new  wheels  to  be  retested. 
Messrs.  Stout,  Mills  &  Temple  of  Dayton,  Ohio,  Messrs.  Fales  & 
Jenks  of  Pawtucket,  R.  I.,  and  John  Tyler  of  Claremont,  N.  H.,  did 
go,  quite  likely  others.  I  presume  that  any  party  who  did  so  will 
give  their  experience  upon  application. 

A  retest  of  the  same  wheel,  unless  some  change  has  been  made 
therein,  should  not  vary  over  one-fourth  of  one  per  cent. 
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Water  Wheel  Royalties. 


Upon  what  sjrstem  of  reasoning  does  the  turbine  patentee  claim  royalty  upon 
plans  of  no  certain  value  ?  To  render  a  patent  valid  the  inventor  must  have  plans 
BO  well  defined  that  he  can  describe  them  so  that  those  skilled  in  the  art  may 
readily  build  from  such  plans  or  description  thereof;  if  he  can  not  do  so,  what 
right  has  he  in  the  Invention?  There  has  been  too  much  sympathy  for  the 
«  poor  inventor  "  and  not  enough  generally  for  those  who  find  means  to  carry 
out  such  inventions ;  an  arrangement  generally  that  the  inventor  shall  fivd  expe- 
rience or  plans,  the  capitalist  money  for  the  inventor  to  live  upon  and  experiment 
with.  For  months,  perhaps  years,  the  inventor  slashes  away  with  little  consid- 
eration for  anything  but  his  own  fancies,  and  if  a  true  inventor,  einoying  much 
in  witnessing  the  development  of  his  ideas;  while  the  capitahst  too  often 
finds  that  he  has  changed  positions,  that  in  fact  he  has  the  experience,  while  his 
money  has  turned  to  moonshine,  or  something  as  unsubstantial.  Capitalists  do 
not  invest  in  70  per  cent,  turbines,  and  there  are  no  good  reasons  for  expecting 
royalties  for  such. 


Numerous  Sizes  of  Turbines. 


In  looking  over  the  piles  of  circulars  issued  by  the  hosts  of  turbine  builders 
one  is  surprised  at  the  numerous  sizes  tabled  by  each;  and  when  it  is  understood 
that  these  tables  represent  both  right  and  left  hand  wheels,  the  question  arises 
as  to  how  any  man  could  ever  expect  to  do  a  profitable  business  where  so  many 
expensive  patterns  are  required,  unless  such  wheels  can  be  sold  at  an  unmense 
profit.  A  list  so  numerous  acknowledges  the  fact,  that  such  wheels  can  only  be 
used  economically  when  exactly  adapted  to  a  fixed  quantity  of  water;  in  short, 
that  they  are  extravagant  in  its  use  unless  wortong  with  gates  completely 
opened ;  this  has  been  the  case  since  the  first  introdnction  of  the  turbine,  and  in 
some  cases  may  now  be  done  more  through  habit  than  necessity;  but  if  neces- 
sary, then  it  is  plain  that  such  wheels  can  not  economize  the  power  of  our 
vanable  streams ;  either  there  must  be  a  waste  of  one-half  of  the  power  during 
eight  or  nine  nionths  of  the  ^ear,  or  a  total  stoppage  through  the  dry  season. 
Then,  again,  what  earthly  use  is  there  for  "  right  and  left  hand  "  wheels  of  the 
same  size?  By  turning  the  teeth  of  the  crown  gear  up  or  down,  the  shafting  is 
rotated  in  the  direction  desired.  With  thirty-two  sizes  of  turbines  to  work  up 
to  a  desirable  percentage,  farewell  hope  I  Manufacturers  and  turbine  builders 
must  consider  and  work  together,  if  wheels  of  high  useful  efiect  are  invariably 
to  be  expected.  Numerous  sizes  add  much  to  cost  and  the  purchaser  has  to  pay 
for  it.  If  left  hand  wheels  were  impossible  they  would  soon  be  found  unneces- 
sary, for  preparations  can  easily  be  made  to  meet  the  case.  Seven  or  eight  sizes 
only,  would  allow  the  builder  to  work  them  up  right,  and  the  purchaser  would 
soon  be  able  to  procure  a  turbine  that  would  Utilize  the  whole  power  of  his 
stream,  either  sommef  or  winter. 


Hard  Bunningr  Wheels. 


For  several  years  after  the  testing  system  began  there  was  hardly  a  builder 
who  took  any  particular  pains  to  have  his  wheels  run  easy.  **  Oh  it  will  go,  only 
put  the  water  to  it,'*  would  be  the  reply  when  the  subject  was  mentioned.  I  can 
recall  several  that  would  have  gained  very  difierent  results  had  their  wheels 
been  in  proper  condition,  but  the  matter  was  not  so  well  understood  then  as  now. 
Even  now  it  requires  constant  attention  to  avoid  errors  in  that  way,  for  it  is  very 
common  for  wheels  to  turn  perfectly  free  at  the  start,  then  after  running  a  few 
minutes  become  bound  throu?h  swelling  of  step  or  followers,  so  as  to  lose  a  num- 
ber of  revolutions  per  minute,  carrying  the  same  weight  as  at  first  starting, 
Risdon's  highest  result  91.32  and  Tyler's  91.27  were  supposed  to  be  erroneous, 
because  neitner  could  be  repeated,  but  from  the  cause  named  above  they  could 
not  be  rejected. 
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Test  of  Wheel  to  Determine  Loss  of  Power  in 
Transmission  Througrh  Gears, 


In  making  the  experiments  to 
through  gear? 


determine  the  loss  of  power  in  transmiMion 


iars,  mitre  gears  tweuty-seyen  iuches  in  diameter,  five  inch  face,  fifty- 
seven  teeth,  were  used  on  wheel  and  *'jack-sha|t,"  the  last  being  six  feet  in 
length,  and  three  inches  in  diameter;  »  ppur  gear  twenty-four  inches  in  diameter, 
four  and  one  half  inch  face,  forty-four  teeth,  was  secured  upon  the  *'  jack-shaft,* 
wliich  workeil  into  another  gear  of  the  same  size  upon  a  second  horizontal 
shaft,  same  size  and  length  as  ihe  first;  the  second  representing  the  main  line  of 
shafting  through  a  mill,  both  horizontal  shafts  worked  in  common  babbitted 
bearings.  The  dynamometer  was  placed  upon  the  end  of  shaft  representing  the 
mun  line,  and  the  wheel  tested  through  the  two  pairs  of  gears;  then  upon  the 
wheel  shaft 


Dynamometer   on 
horizontal  shaft, 
Dynamometer  on 
Wheel  shaft, 


Tests. 


Ist  test, 
2d      ** 


Head. 


16.03  feet, 
16.08    *« 


Revolutions. 


160  per  minute 
168  »« 


Horse 
Power. 


26.55 
26.73 


Percent- 
age. 


75.90 
77.40 


Important  Tests  to  those  Gearingr  Wheels  where 

the  Head  Varies. 


The  best  speed  for  each  head  is  first  given :    20.inch  wheel. 


Head. 

Weight. 

Revolutions 
per  miuut«. 

Horse  Power. 

Cubic  feet. 

Percent- 
age. 

18.44 
7.85 

18.35 
7.99 

500 
200 
640 

75 

249 
164 
161 
246 

39.92 
9.94 

3122 
5.50 

1400.31 
869.84 

1418.94 
757.93 

.7758 
.7724 
.6663 
.4911 

48.inch 

wheel. 

♦17.55 

1100 

121 

80.66 

3586.83 

.6733 

9.79 

600 

90.5 

82.90 

2540.80 

.7018 

17.47 

1525 

90 

83.18 

3618.81 

.6982 

10.00 

200 

120.5 

14.60 

2199.34 

.2522 

♦121  revolutions  per  minute  was  found  to  be  the  best  speed  for  whale  and  part 
gate.  

Turbine  Buckets. 


Ten  years  since  turbine  builders  added  much  to  the  cost  of  their  wheels  by 
making  the  buckets  of  sheet  iron,  steel,  brass,  or  bronze ;  shaped  in  iron  moulds. 
The  bcKt  turbines  yet  produced  have  been  made  entirely  of  cast  iron.  Wrought 
iron  is  decidedly  tne  poorest  material  that  can  be  used  for  that  purpose. 


A  Word  to  Aspirants  for  Fame  as  Turbine 

Builders. 


The  incentive  to  turbine  building  is  probably  its  supposed  profit.  A  wood- 
sawyer,  so  little  of  a  mechanic  as  to  be  unable  to  file  his  own  saw,  unhesitatingly 
rushes  into  the  business,  yet  it  is  one  requiring  the  highest  poBsible  skUl;  expe- 
rience soon  causes  the  adventurer  to  reeret  his  haste.  JL  ttricUy  honorable 
turbine  butinees  under  existing  circumstances,  can  not  be  made  to  pay  ;  that  is,  to 
sell  every  wheel  by  test  on  its  real  merits  would  leave  half  the  number  made  on 
the  builders'  hands,  for  purchasers  require  the  highest  results  at  the  lowest 
prices,  and  there  are  scores  of  builders  ready  to  guarantee  such  so  far  at  talk 
U  concerned* 
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Professional  Experts. 


If  tboM  Mtbtg  M  Abore  could  see  themselves  as  those  thoroughly  acquainted 
with  the  •object  in  hand  see  them,  it  would  have  a  tendency  to  lower  their  proven- 
sions.  Could  the  arts  be  put  back  to  what  from  our  ataudpoint  they  seem  to  hsiTe 
been  3,000  years  ago,  one  of  our  best  mechanics  might  prepare  himself  to  act  ar 
generid  expert  without  seeming  presumptions,  but  to  pretend  to  be  able  to  do  so 
now,  when  the  mere  word  mecnanic  covers  a  thousand  occupation<4,  each  having 
numerous  yariatious,  renders  the  pretense  ridiculous.  Yet  we  have  such,  and 
those  who  have,  great  influence  in  court,  particularly  in  patent  suits.  The  tur- 
bine h  IS  been  studied  for  more  than  a  half  century  by  the  best  mechanics,  and 
the  matter  is  '>ot  sufficiently  understood  to  fairly  allow  of  its  being  considered  a 
science ;  yet  tli  *.  professional  expert  will  look  the  matter  up  in  a  day,  then  go 
into  court  and  testify  to  points  of^  which  it  is  simply  impossible  that  he  can  know 
anything  about.  No  one  man  can  be  an  expert  m  all  kinds  of  business,  life  is 
too  short.  The  most  intelli'jrent  and  skillful  telegraph  operator  must  be  the  best 
expert  in  a  telegraphing  case,  so  of  the  shoemaker,  the  blacksmith,  the  miller, 
merchant,  turbine  Duilder,  or  engineer.  In  either  of  these  callings  an  appren- 
ticeship of  years  is  required  to  render  a  pers'^n  proficient;  then  is  it  i*ea8onable 
to  suppose  that  the  professional  txpert  can  master  any  of  them  in  a  few  hours' 
study  r  We  would  not  go  to  a  shoemaker  to  inquire  about  a  turbine,  or 
the  turbins  builder  to  learn  about  telegraphing.  tf  the  matter  is  simple 
and  plain,  an  expert  is  nnnecess  try;  if  difficult  to  oe  understood,  then  certainly 
one  skilled  in  the  matter  is  the  b  st  qualified  to  make  it  plain.  In  cases  where 
litigation  i-*  contemplated  an  expert  well  versed  in  the  mat'er  should  be  tmployed 
first,  then  if  he  understand^  his  business,  in  three  oases  out  of  four,  he  will  cause 
the  matter  to  be  settled,  often  advantageously  to  both  parties  interested ;  if  he 
can  not  cause  it  to  b  >  settled,  he  can  prepare  it  for  the  lavryer,  so  that  it  may  be 
legally  determined  expeditiously  and  at  the  least  expense.  To  employ  the  law- 
yer first  is  like  trying  to  learn  a  child  to  read  without  learning  it  the  letters ;  that, 
however,  would  be  no  more  absurd  than  to  suppose  that  any  one  man  can  be 
proficieut  in  ail  kinds  of  business. 

Faith  in  expert  testimony  is  undoubtedljr  decreasing,  simply  because  those 
called  as  experts  are  generally  mere  theorists,  or  perhaps  edit  some  so-called 
scientific  paper  that  is  published  on  speculation— the  editor,  like  the  paper  upon 
which  it  is  printed,  being  picked  up  where  it  can  be  had  the  cheapest.  A  graduate 
from  our  technical  schools  might  readily  study  up  horse-shoeing,  and  testify  in 
such  a  learned  manner  as  to  astonish  the  court  with  his  profoundity,  yet  his 
shallowness  would  at  once  become  apparent  could  the  cross-examination  be  con- 
ducted by  an  ordinary  blacksmith,  as  I  have  often  wished  I  could  do  witli 
hydraulic  experts.  Yet,  in  almost  any  case  in  litigation  relative  to  milling  mat- 
ters, the  testimony  of  such  men  as  A.  M.  Swain,  George  A.  Houston,  i.H. 
Risdon,  Wm.  M.  Mills,  and  others  that  could  be  named,  would  be  very  valu- 
able ;  but  such  men  would  require  time  to  consider  the  matter  before  testifying. 
"  Wliy,  I  thought  you  experts  wore  so  full  of  knowledge  upon  such  matters 
that  you  were  always  ready  to  gush  over,'*  said  an  applicant  for  my  services. 
Such  may  be  the  case  with  others ;  it  is  not  with  myself.  I  want,  invariably, 
to  hear  both  sides  of  a  case,  and  time  to  compare  the  circtunstances  with  facts 
gained  from  my  own  experience,  before  acting  for  any  one. 


Slip  of  Belt. 


The  speed  of  machinery  is  computed  from  size  of  pullejrs  or  gears  in  connec- 
tion with  the  driving  shaft;  in  such  computations  the  shp  of  belt  is  sehiom  or 
never  taken  into  consideration,  yet  that  slip  is  an  important  item.  In  testing 
the  power  of  a  sream-engine,  the  counter  of  my  dynamometer  showed  such  a 
difference  from  the  engineer's  estimate,  that  the  matter  was  thorou>;hly  investi- 
gated. The  driving  pulley  on  the  en, 'iue  was  12  feet  in  diameter,  that  on  the 
main  line  of  sh^ftintr  6  feet;  running  light  or  simply  driving  shafting,  the  fly 
wheel  making  75  revolutions  the  main  line  m  ule  150,  but  with  weiirht  applied  to 
scale  beam  of  brake,  the  belt  began  to  slip,  the  slip  increasing  with  each  weight 
added;  at  the  maximum  power  of  engine,  the  main  linr-  made  144  revolutions 
while  the  fly  wheel  made  75.  '  Belt  and  pulleys  were  in  perfect  condition. 
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Gearingr  Turbines  by  Tables. 

The  practico  of  gearing  turbines  from  tables  prepared  by  guess,  has  been  pro- 
ductive  of  much  loss  of  power.  In  testing  wheels  it  is  a  rare  thing  to  find  two 
of  the  same  size  and  make,  that  do  their  best  at  the  same  speed;  the  best  speed 
of  the  Lefiel  wheels  is  invariably  wiUc  from  their  tabled  rate.  At  Bridgton, 
Maine,  Poudicberry  mill,  a  54-inch  Leffel  wheel  has  been  in  u^c  for  ten  years, 
working  under  twelve  feet  head  and  running  at  ninety  revolutions  per  mmute ; 
the  mill  has  six  sets  of  woolen  machinery,  but  from  lack  of  power  only  five  sets 
have  been  used.  By  test  a  short  time  smee  it  was  found  that  by  running  the 
wheel  at  8event}'-eight  revolutions  insti>ad  of  ninety,  it  would  give  twelve  h.  p. 
more  than  it  ever  had  done ;  so  that  for  ten  years  it  had  been  running  at  four- 
fifths  of  its  capacity,  and  at  a  time  when  its  greatest  capacity  was  much  needed. 


Testingr  Curbs. 


The  fact  is  well  established  now  that  the  chutes  of  a  turbine  have  as  much 
to  do  with  giving  high  results  as  does  the  wheel  itself;  also,  that  each  part  of  the 
complete  turbine  has  relation  to  all  of  the  other  parts,  so  that  a  change  of  one 
piece  may  have  a  serious  etfect  upon  the  whole.  Builders  have  prepared  sevi-ral 
turbines  with  interchangeable  parts  in  order  to  tei^t  understandiiigly ;  but  it 
wpuld  seem  better  to  make  a  t> -sting  curb  with  chanircable  chutes,  so  constructed 
that  tJl^eir  number  or  direction  might  readily  be  changed,  and  their  capacity  of 
discharge  increased  or  diminished.  With  such  a  (;urb  it  should  be  possible  to 
determine  the  merits  of  auy  wheel  that  could  be  tested  therein. 


V  Shaped  Belts,  Gable  Transmission,  etc. 


Some  time  since  there  was  a  mania  for  driving  machinery  with  belts  of  the 
above  named  shape,  but  experience  soon  cured  the  desire.  Transmission  by 
wire  cable  is  another  matter  that  should  be  well  considered  before  adoption;  it 
will  answer  the  purpose  in  places  where  shafting  can  not  be  used,  but  it  is  a  very 
poor  substitute  at  the  best.  Light  shafting  is  still  anoiher  subject  for  considera. 
tion;  if  used,  the  pulleys  should  be  placed  close  to  the  hangers,  for  if  placed  any 
distance  therefrom,  the  shaftintr  will  spring,  and  re(iuire  a  much  tighter  belt, 
which  soon  gets  the  shafl  out  of  line.    There  is  a  proper  limit  either  way. 


The  Metric  System. 


And  whv  the  metric  instead  of  that  so  generally  in  use  wherever  the  English 
langauge  is  spoken?  Does  the  practical  mechanic  or  engineer  desire  such 
change,  or  do  the  comparatively  few  who  use  that  system  surpass  us  in  mechau- 
ism  or  general  iutelligence?  Taking  the  foot  as  the  unit,  divide  it  into  tenths, 
hundredths,  etc.,  and  the  most  perfect  measuriiui-nts  possible  may  readily  be 
made  a  id  expressed  thereby.  Then  why  change  for  new  terms,  when  our' lan- 
gauge is  now  so  unwieldly  and  overburdened  with  useless  words  and  svnonyms, 
that  it  would  be  a  blessing  if  one-half  of  its  words  could  be  obliterated,  and  the 
other  half  simplified  in  spelling.  Simplicity  should  be  the  aim,  that  ail  may 
comprehend ;  change  has  not  always  been  improvement.  1 1  would  be  well  if 
the  engineers  and  professors,  who  are  so  much  better  known  th  oii'jh  their  pre- 
tensions than  achievements,  could  be  made  to  utidcrstand  tliat  muddiuess  does 
not  always  denote  depth.  A  change  to  the  metric  system  would  cause  immense 
confusion  in  our  standards,  boundaries  and  records,* without  briuuing  a  shadow 
of  beoefit  in  return.  Our  language  now  is  almost  the  universal  language  dreamed 
of.  and  it  seems  idiotic  to  change  for  that  of  a  people  occupying  less  of  the 
earth's  surface  than  is  covered  by  some  of  our  states. 
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THE  DAT  OF  THE  CHUBCH. 


THE  DAT  OF  THE  HAN. 
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PBOeBESS  IN  MEDICINE. 

*'It  Is  a  fact  that  the  number  of  healthy  men  and  women  is  growing  less  erery 
year,  and  the  sick  more  numerous.  In  the  face  of  these  laots^  It  might  be 
noted  that  this  country  is  full  of  doctors  and  full  of  drug  stores;  that  these 
doctors  and  drug  stbres  increase  eyery  year,  and  in  heayy  ratio  the  slok  and 
dying  increase  also. 

"  It  would  seem  like  ignorance  and  arrogance  combined  for  any  physician  or 
school  of  physicians  to  claim  a  monopoly  in  the  practice  of  memcine,  when 
all  physicians  of  all  the  schools  of  medicine  combined  are  powerless  in  cur- 
ing out  a  fair  percentage  of  acute,  and  still  less  of  chronic,  diseases. 

"And  instead  of  doctors  opposing  new  discoyeries,  condemning  new  systems 
of  practice,  they  should  welcome  them,  for  no  one  knows  better  than,  the 
doctor  himself  how  powerless  he  frequently  is  to  cure,  or  eyen  aid,  in  the  sick 
room." 

Two  thousand  years  ago  Gato  wrote  of  physicians  precisely  as  we  do  to-day. 
He  said:  **  If  they  attempt  to  treat  of  the  practice  in  any  other  language  t^n 
the  Greek,  they  are  sure  to  lose  credit,  there  being  all  the  less  confidence  felt 
by  our  people  in  that  which  so  nearly  concerns  uieir  welfare  if  it  becomes 
intelligible  to  them.  In  fact,  this  is  the  only  one  of  the  arts  in  which  the 
moment  he  declares  himself  an  adept  he  is  at  once  belieyed.  Besides,  there 
is  no  law  to  punish  the  ignorance  of  a  physician.  It  is  at  our  peril  they 
experimentalize,  the  only  person  that  can  kill  another  with  impunity.'* 

Pltny  speaks  of  Uome  tiTing,  then  condemning,  the  employment  of  physi- 
cians and  going  without  six  hundred  years. 

At  about  eight  years  of  age  I  had  a  tumble  and  fall  of  fifty  feet  ftom  the 
top  of  a  building;  the  shock  was  severe,  but  energy,  elasticity,  and  self-will 
set  me  on  my  feet  in  half  an  hour.  The  doctor  said  such  strength  was  unnat- 
ural, so  he  bled  me  nearly  to  death. 

At  about  twelve  years  of  age,  I  with  two  others  was  thrown  from  a  car- 
riage on  to  a  pile  of  ragged  rocks.  All  of  us  were  terribly  cut,  my  thigh 
broken,  skull  fractured,  etc.;  the  rocks  were  fearfully  drenched  with  blood. 
Three  doctors  came;  their  first  act  was  to  take  a  quart  of  blood  from  each 
of  us. 

At  the  age  of  nineteen  I  was  stricken  down  with  yellow  feyer  at  St.  Jago, 
CuIml  My  last  recollection  there  is  of  a  doctor  prodding  away  at  my  arm  with 
his  lancet.  Our  ship  left  with  the  assurance  of  burying  me  as  soon  as  free 
from  port.  The  (ioctor  was  left  behind;  the  fresh  sea  breeze  cured  me.  That 
was  in  1A41,  and  the  last  time  a  physician  has  been  employed  for  myself. 

In  1859  leaving  my  family  in  East  Boston  one  morning  to  go  to  my  business 
in  the  city,  a  little  idolized  daughter  kissed  me  with  her  Good  bye,  papa.  On 
my  return  that  evening  I  found  her  senseless,  with  a  bag  of  ice  bound  upon  her 
head.  A  kind  neighbor,  we  being  strangers  there,  h^  called  in  his  family 
physician,  a  home  >pathist.  At  eleven  o'clo<*k  that  night,  the  child  being  in 
conyolsions,  another  neighbor  called  the  nearest  doctor,  who  happened  to  be 
of  the  old  style;  on  arrival  and  learning  who  had  previously  been  employed, 
he  simply  became  brutal  and  left.  He  did  not  neglect  to  send  his  bill.  The 
eUld  died  at  midnight  of  scarlatina. 

▲  year  later  my  wife  sickened,  and  for  weeks  was  attended  by  a  physician 
of  my  early  acquaintance;  suddenly  he  stoppled  calling,  fuid  was  absent  a 
week;  my  wife  at  once  came  to  the  conclusion  that  he  had  abandoned  her  as 
peel  hope.  The  seventh  day  of  absence  our  physician  returned,  decidedly 
under  the  influence  of  liquor,  and  the  question  was  plainly  asked  why  be  had 
absented  himself. 

**  Well,  hum!  well,  the  fact  is,  I  believe  your  wife  has  consumption,  and 
I  can  do  her  no  good  ! "  Then,  after  a  moment's  hesitation,  he  continued: 
'*  Damn  it,  Emerson,  we  doctors  don't  know  half  so  much  as  folks  think  we 
do;  we  guess  as  to  what  the  matter  is.  then  go  to  our  books  for  the  remedy; 
if  the  first  does  not  help,  we  try  another." 

Experience  has  established  the  fact,  that  discoyeries  and  Improvements 
almost  invariably  come  from  those  outside  of  any  regular  line  of  business, 
and  it  would  seem  to  be  a  crime,  besides  being  uncopstitutjonal  and  unjust, 
to  make  a  law  that  would  give  any  school  of  medicine  a  monopoly  of  the 
business.  If.  however,  the  law  is  to  be  called  in  to  give  such  monopoly  it 
■honld  fix  the  price,  say,  at  twenty-five  cents  per  visit. 


126 


11 


Mi 

lit 

i 
li 


i 


127 

THE  AflBITIOCS  FISHEBHIN. 


THK  BIBU  IN  BCHOOIS  iXD  1  fiOD  IH  THK  COHSTIHTTIOR. 

The  Bible  !■  a  book  ossf  ul  lor  (he  student,  bat  Is  ol  the  past )  lu  worship 

words  oneu  are  changed  In  their  meaiilDg  b;  chuigo  ol  localitj,  so  that 
thsie  is  no  oertaiuty  that  we  have  the  writer's  irne  meantug  In  the  Bible 
stories  ;  but  wa  can  readllj  see  from  its  contradictory  Btatsmenls  that  it  Is 
merelT  a  history  of  that  ueople.  and  through  its  tribal  luincelt  all  othera 
were  Ignored.  Oaln  feared  that  some  one  meeting  would  slay  him,  which 
eanld  not  have  been  the  esse  had  there  been  none  to  meet,  and  the  very  form 
of  statement  proves  that  the  mark  would  be  nnderstood.  Still  farther  to  find  a 
wile  at  Soi,  there  miut  hare  been  people  there.  Its  nine  hundred  year  lives 
miuthavemeantdynastlee.  Its  flsh  story  most  likely  belonged  totheelast 
ofmythlaomnionatttaattime  in  conneatlon  with  the  stories  of  the  gods  and 
SOddoMe.  Abook  that  cannot  be  opened  at  random  and  read  in  society  Is 
not  raltable  to  be  put  into  the  schools  to  be  read  by  children. 

It  is  bat  A  (ew  years  since  George  Francis'  Train  was  imprisoned  .for  pub. 
lishingobsoene  literature.  Untortunately  for  the  complainant  he  was  so  luno- 
rantol  tlie  Bible  oontenta  that  he  was  nnaware  that  the  dirty  literature 
aouBlsted  of  eitnctstrom  that  taered  aort.  The  arrest  became  a  boomerang. 
If  brought  to  trial,  the  Gharact«r  of  the  contents  of  the  Bible  would  be 
ventilated;  so  that  Train  was  brought  into  court,  and  prunonnced  Insane, 
eonsequentl;  irreepoailble.  so  discharged ;  but  bi  that  would  leave  him 
irreaponiible  it  he  saw  flt  to  shoot  the  complainant,  he  was  the  next  da; 
anln  bronfht  Into  eourt  nnd  pronounced  siuie. 

Think  of  the  fool  Freeman  utahbing  bis  five  year  old  daughter  to  the  heart 
In  UilaStateand  age  through  his  insane  fanaticism  for  emulating  old  Abra^ 

Ideas  are  changing  rapldl;.  Sncoess  in  keeping  the  Bible  in  the  schools  or 
getting  a  God  In  the  Constitution  Is  likiily  to  result  something  like  the 
moecM  of  the  ambitious  fisherman  at  the  head  of  this  article. 
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SILK. 

Silk  consists  of  the  pale  yellow,  buff  colored,  or  white  fiber,  which 
the  silkworm  spins  around  about  itself  when  entering  the  chrysalis 
state.  Silkworms  are  divided  into  two  classes,  the  mulberry-feed- 
ing worm,  from  the  cocoons  of  which  is  reeled  the  ordinary  raw  silk, 
and  the  wild  silkworms  which  feed  upon  certain  kinds  of  oak,  ailan- 
thus,  castor-oil  plant,  etc.  The  product  of  the  latter  specimens 
(amongst  which  the  Tussah-worm  is  found,  producing  the  Tussah- 
silk)  was  little  heard  of  in  this  country  and  Europe  until  recently, 
and  but  for  the  outbreak  of  the  silkworm  disease  in  Europe  would 
probably  have  remained  in  India  and  China,  although  it  had  been 
utilized  in  both  these  countries  for  many  centuries.  The  date  when 
the  use  of  silk  for  textile  purposes  was  first  discovered  is  not  exactly 
known.  Some  of  the  Chinese  historians  claim  that  it  was  about 
2700  years  B.  C,  whereas  others  only  go  as  far  back  as  about  1703 
B.  C,  or  the  reign  of  Hoang4i,  the  third  of  the  Chinese  emperors. 
He,  the  legend  tells  us,  was  desirous  that  his  legitimate  wife  Si-ling- 
chi  should  contribute  to  the  happiness  of  his  people,  so  he  charged 
her  to  examine  the  silkworms  and  test  the  practicability  of  using 
the  thread.  In  accordance  with  this  wish,  she  collected  insects  and 
feeding  them  in  a  specially  prepared  place  commenced  her  studies 
and  examinations,  discovering  not  only  the  means  of  raising  them, 
but  also  the  manner  of  reeling  the  silk  and  its  use  for  textile  pur- 
poses. It  is  claimed  that  even  to  the  present  day  the  empresses  of 
China  on  a  certain  day  gO  through  the  ceremony  of  feeding  the  silk- 
worms, and  rendering  homage  to  SiAing-chi  as  Goddess  of  Silk 
Worms. 

The  principal  countries  for  carrying  on  the  silkworm  culture  are 
Southern  Europe,  China,  Japan,  and  India.  In  our  country  silk 
culture  is  only  in  its  infancy,  yet  it  is  rapidly  assuming  proportions 
of  importance. 

When  full  grown  the  worm  ceases  to  feed,  climbs  up  from  the 
feeding  tray  to  the  bush,  or  whatever  may  have  been  prepared  for 
it,  and  commences  to  form  itself  in  a  loose  envelopment  of  silken 
fibers,  ^dually  enwrapping  itself  in  a  much  closer  covering  form- 
ing an  oval  ball  or  cocoon  about  the  size  of  a  pigeon's  egg,  generally 
requiring  from  four  to  five  days  in  its  construction. 

RAW  SILK  OB  REELED  SILK 

constitutes  the  raw  material  ior  the  American  silk  manufacturer. 
Wlien  imported  the  same  generally  comes  in  picul  bales  of  one 
hundred  and  thirty-three  and  a  third  pounds.  Such  as  come  from 
China  are  made  up  in  bundles  weighing  from  eight  to  twenty-five 
pounds  each  and  are  protected  at  the  corners  by  floss  or  waste. 
The  Italian  silk  comes  in  bales  made  up  in  skeins.  Before  it  reaches 
the  loom  this  raw  silk  must  pass  several  manipulations  and  proc- 
esses. First  the  same  is  taken  to  the  sorting-room,  and  the  various 
sizes  of  thread,  or,  in  other  words,  the  different  degrees  of  fineness, 
are  assorted  each  by  itself.  The  next  process  is  the  transferring  of 
the  silk  from  the  skeins  (which  are  of  irregular  length)  to  the  bob- 
bins.   A  parcel  of  skeins  enclosed  in  a  light  cotton  bag  is  soaked  in 
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water  having  a  temperature  of  HOP  F.  for  a  few  hours  so  as  to 
soften  the  gum.  After  taking  these  bags  out  of  the  water  they  are 
submitted  for  from  5  to  10  minutes  to  the  action  of  a  hydro-extractor 
to  liberate  the  superfluous  water,  and  the  silk  with  its  gum  thus 
sufficiently  softened  is  ready  for  winding.  The  next  manipulation 
the  silk  thread  undergoes  is  cleaning. 

In  this  process  the  thread  is  simply  transferred  from  one  bobbin 
to  another  and  passes  during  the  transfer  through  the  cleaner, 
which  consists  of  two  sufficiently  close  parallel  plates  to  catch  any 
irregularity  upon  the  silk.  Chinese  silk  always  requires  cleaning, 
whereas  Italian  silk  does  not  usually. 

WILD  SILKS. 

The  most  important  of  them  is  Tussah,  and  is  principally  found 
in  India.  This  silk  has  until  lately  been  greatly  neglected,  but 
at  present  commences  to  attract  great  notice.  The  cocoons  are 
larger  than  those  of  the  Bombyx  mori,  have  the  shape  of  an  ^g, 
and  are  of  a  silver-drab  color.  The  outside  silk  of  the  cocoon  is 
slightly  reddish,  and  consists  of  separate  fibers  of  different  lengths, 
while  the  remainder  of  the  cocoon  is  generally  unbroken  to  its  center. 
In  India  the  report  compiled  by  that  government  gives  particulars 
of  no  less  than  thirty-six  varieties  of  wild  silkworms  feeding  upon 
different  forest  trees  and  shrubs 


<*  SPUN  SILK.'' 

It  is  to  be  understood  that  the  raw  silk  of  commerce  is  spun  by 
the  worm  as  the  spider  spins  its  web,  but  in  reeling  this  there  is 
waste ;  then  there  are  cocoons  from  which  the  worm  has  eaten  its 
way  out,  of  course  spoiling  the  cocoon  for  reeling ;  then  much  of  the 
product  of  the  wild  worm  cannot  be  reeled.  All  such  silk  has  to  be 
carded  and  spun  substantially  the  same  as  cotton,  and  as  the  fiber 
is  short  it  has  to  be  twisted  hard  to  make  it  strong,  so  that  hose  or 
other  goods  made  of  spun  silk  have  not  the  soft  feeling  of  the  raw 
silk,  though  the  silk  itself  may  be  of  quite  as  good  quality. 


MOIRE  ANTIQUE  AND  WATERED  SILKS. 

For  these  the  silks  must  be  broad  and  of  substantial  make.  They 
are  first  wet  and  then  folded  with  particular  care  to  insure  the 
threads  of  the  fabric  lying  all  in  the  same  direction ;  they  are  then 
submitted  to  great  pressure.  By  this  pressure  the  air  is  slowly 
expelled,  and  in  escaping  draws  the  moisture  into  curious  waved 
lines,  which  leave  the  permanent  markings  called  watering.  Moire 
antique  silk  is  streaked  in  veins  like  the  veins  in  the  antique 
marbles.  Figured  silks  are  woven  in  J<icquard  looms.  Very  heavy 
silks  are  often  made  so  by  dye-stuffs.  Honest  manufacturers  will 
say  that  two  dollars  per  yard  at  retail  should  purchase  the  best 
dress  silks  that  can  be  made, 
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To  obvialc  thii  objeclloii,  many  attempli  hate  been  made  during  Ihe 
pm  (ifleen  yean  lo  produce  a  Stool  gaitable  lor  eiiber  one  or  two  players! 
NijiiKTDua  pat«iiis  hav«  been  jii^nied  for  tocb  deticei,  but  iheu  generally 
have  been  conspicuous  as  to  thi:ir  double  nature,  and  very  inconveiilenl  either 
■s  single  or  double  stools. 

The  plan  hetewlih  illustiated  is  believed  to  be  the^ong  louglitjma; 

jbr  in  tonveniente  for  teacher  and  pupil  while  giving  and  receiving  in»irgia 
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FLAX,  ITS  CUITUEB  AND  MANUFACTURE. 

Early  in  the  present  century  almost  eyery  farmer  in  the  Eastern  States 
raised  flax^ts  product  then  being  a  necessity  for  all.  The  apothecary  depended 
upon  its  seed  for  soothing  the  aUing ;  the  painter  for  its  uuequaled  oil  for 
his  paints ;  the  farmer  for  the  fiber  of  its  pachydermatous  stalks  for  hia 
clothing ;  his  wife  for  her  bedding,  laces,  embroideries,  etc. ;  the  ship  owner 
and  sailor  for  sails  and  cordage.    To  prepare  the  flax  it  was  pulled  and  cured, 
then  in  bundles  submerged  in  water  until  the  woody  outside  rotted  or 
became  so  brittle  as  to  readily  separate  from  the  fiber  when  dry  and  beaten 
in  the  "  flax  breaker."    The  farmer  then  with  a  "  swingle,"  a  sort  of  two 
edge4  heavy  wooden  sword,  in  his  right  hand,  seized  a  handful  of  the  broken 
stalks  in  his  left,  held  the  stalks  over  the  top  of  the  swingling  plank,  striking 
them  close  to  the  side  of  the  plank  with  the  edge  of  swingle.    The  swingling 
plank  was  thin  at  the  top,  made  of  hard  wood,  standing  about  three  feet 
above  the  floor,  to  which  it  was  firmly  secured.    The  repeated  blows  of  the 
swingle  caused  the  woody  shell  to  fly  oif  in  minute  pieces  or  **  shives."    Every 
few  blows  the  fiber  would  be  drawn  through  the  teeth  of  a  "  hatchel "  or 
comb  as  a  woman  clears  her  hair.     The  tow  trousers  of  the  Continental 
times  were  produced  from  the  coarse  refuse  combed  from  the  flax  while 
it  was  being  hatcheled.    This  hatchel  was  formed  by  placing  a  gross  of 
smooth  sharp  pointed  steel  spikes  firmly  in  a  square  base  secured  to  a 
bench,   the  spikes   projecting  vertically  upwards   six   inches    above   the 
base.    The  fiber  thus  prepared  was  taken  by  the  wife  and  wound  upon  the 
distaff  of  the  linen  spinning  wheel,  at  which  she  sat  and  produced  the 
thread  for  the  shoemaker,  tailor,  sailmaker,  and  other  artisans  too  numer- 
ous to  mention,  also  all  necessary  for  household   use.      The   little   flax 
spinning  wheel  was  a  very  different  affair  from  that  of  the  spinning  wheel 
for  wool,  as  may  be  seen  in  illustrations  on  opposite  page.    At  the  former  the 
woman  sat  and  operated  the  wheel  with  her  foot,  using  the  flngers  of  both 
hands  to  draw  the  thread,  the  spindle  being  of  the  flier  pattern ;  while  with 
the  wool  spinning  wheel  she  stood  at  its  side,  turning  the  wheel  with  her 
right  hand  and  drawing  the  thread  from  the  roll  of  wool  with  her  left,  the 
twisting  being  done  on  the  end  of  the  plain  spindle. 

The  spinning  for  the  fabulous  laces,  linens,  edgings,  lawns,  etc.,  of  the 
earlier  times  was  done  substantially  in  the  manner  described  or  in  a  still 
more  primitive  way. 

Spinning  street  yarn  is  not  a  figment  of  the  imagination  ;  in  South  Amer- 
ica, near  the  equator,  the  writer  has  often  seen  the  native  women  walk- 
ing the  street,  talking,  and  spinning  on  the  way,  the  cotton  being  carried 
under  the  arm,  the  thread  being  drawn  by  the  dropping  of  the  bobbin  on 
which  it  was  wound  as  spun,  a  twirling  motion  being  given  to  the  bobbin  as 
it  was  dropped  ;  then  it  was  skillfully  caught  at  the  arm's  length,  without 
seeming  effort. 

Flax  is  raised  in  the  Northwestern  States  and  Canada,  but  mostly  for  its 
seed,  though  its  fiber  is  in  some  demand  for  manufacture  into  thread,  and  is 
beginning  to  be  used  in  the  manufacture  of  paper. 

Early  in  the  century,  all  farmers'  wives  were  supposed  to  be  capable  of 
attending  to  all  of  the  duties  indicated  by  the  implements  shown  opposite. 
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qptnning  both  flax  and  wool,  oardiiig  the  latter  from  the  fleeee  for  the  qiln- 
nlBg,  after  which  going  through  a  series  of  preparatory  proeesses  such  as 
spooling,  seeling,  sizing,  warping,  drawing  in,  etc.,  etc.,  from  the  spinning 
wheel  1t^'  the  loom,  where  from  the  coarsest  to  the  most  delicate  fabric  for 
family  use  wa«  produced,  often  yery  intricate  patterns  of  bed  coverings, 
carpets,  and  other  ornamental  designs. 

The  man  that  can  realisse  the  multifarioos  duties  accomplished  by  the 
wife  of  a  century  since  and  then  consider  her  sex  inferior  in  oonstmctiTe 
or  mental  ability  to  that  of  his  own  must  be  conceited  indeed. 

A  half  century  since,  our  farm  houses  and  mills  contidned  as  fair  women 
and  girls  as  could  be  desired,  dressed  perhaps  in  homespun,  but  their  nimble 
fingers,  in  their  leisure  moments,  were  eyer  busy  making  edging,  embroidery, 
or  fancy  trimmings  for  their  underclothing  or  household  use ;  in  their  place  we 
have  ladies t  outwardly  dressed  fine  but  with  ten  cent  undervests.  The  wash- 
ings of  the  former  weekly  displayed  volumes  of  refinement,  of  the  latter 
sweat-stained  and  often  ragged  undervests  that  indicate  continued  use 
without  change.  The  tobacconist  ornaments  his  goods  with  beautiful  forms 
clad  in  diaphanous  and  delicately  trimmed  under  garments,  but  does  not 
seem  to  take  to  the  lady  and  ten  cent  nndervest. 

The  woman  with  her  heelless  shoes,  white  stockings,  and  zephyr  step, 
had  feet  that  were  things  of  beauty,  while  the  lady  of  to-day,  with  her  high 
heels  and  distorted  feet  that  require  large  bay  windows  on  her  boots  to 
accommodate  her  abnormal  toe  joints  which  intimate  the  evolution  of  thnmbe 
and  a  return  to  the  quadrumana  family,  is  certainly  less  attractive. 

If  the  continuation  of  the  robber  tariif ,  which  has  so  benefited  the  rich, 
has  not  reduced  wages  to  the  standard  common  in  all  highly  protected 
countries,  it  is  solely  because  the  irrepressible  inventor  has  by  improved 
machinery  reduced  the  cost  of  manufacturing.  It  certainly  has  been  the 
cause  of  a  much  lower  grade  of  working  men  and  women  thim  formerly,  but 
a  revolution  is  taking  place  in  the  status  of  woman  from  which  a  progression 
may  spring. 


JUTE  AND  ITS  MANUFACTUBE. 

Jute  is  raised  in  India,  having,  while  growing,  something  the  appearance  of 
oats,  though  much  larger,  as  it  reaches  a  height  of  fifteen  feet  or  more,  but 
like  rushes  it  grows  in  water,  two  crops  each  year ;  its  fiber,  the  reverse  of 
that  of  flax,  is  on  the  outside  of  the  stalk. 

The  ground  is  prepared  and  seeded,  then  flowed;  with  plenty  of  water,  the 
growth  is  very  rapid.  At  maturity  the  stalks  are  cut,  then,  like  flax,  are 
immersed  in  water  to  soften  the  fiber  ;  the  process  is  then  similar  to  that  of 
fiax  ;  the  ends  are  cut  even  to  prepare  the  fiber  for  baling,  the  ends  cut  off 
being  known  as  "  jute  butts." 

There  are  various  places  of  its  manufacture  in  this  country,  one,  quite 
extensive,  at  Ludlow,  Mass.,  trom  whence  my  information  has  been  obtained. 

The  machinery  used  is  similar  to  that  of  cotton  manufacture  but  coarser 
and  much  heavier.  The  product  of  the  Ludlow  mills  is  the  oovwing  ™^<^»*c 
used  by  furniture  dealers  for  their  fumitnro  in  tmniti 
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THE  BOIiLEB  PROCESS  Of  FLOtJB  MAKINO. 

BeTised  for  1891  by  The  Edward  P.  Allls  Compuy  ol 
Milwaukee,  Wiseonsin,  U.  S^  Flonr  Mill  Builders  and 
FarDishers. 

To  prepare  wheat  for  milling,  it  is  good  praetioe  to  ran  it  through  a  dnst- 
leBB  receiving  separator  to  free  the  grain  of  coarse  trash  like  straw-joints, 
com,  oats,  etc. ;  then  through  a  dostless  milling  separator  to  remove  finer 
trash,  like  cheat,  screenings,  oats,  sand,  and  seeds,  and  through  two  separate 
scouring  and  polishing  machines  to  remove  dust,  and  scour  off  smut,  the 
fuzz  on  the  ends  of  the  berry  and  as  much  of  the  outer  woody  bran  coat- 
ings as  may  be  easily  detachable.  The  most  complete  flour  mills  attach  dust 
collectors  to  the  exhaust  air  trunk  of  the  above  grain  cleaners  for  the  sake 
of  cleanliness.  To  remove  metallic  particles  the  wheat  should  be  passed 
through  an  automatic  magnetic  separator.  Daring  dry  winter  weather  the 
bran  of  the  wheat  often  becomes  brittle  and  consequently  easily  pulverized 
when  passed  through  the  rolls.  To  obviate  this,  a  wheat  heater  is  employed, 
using  steam  at  about  96  degrees  Fahrenheit,  as  a  heating  agent.  This  attracts 
the  latent  moisture  from  the  interior  of  the  berry  to  the  surface,  thus  tough, 
ening  it.  Some  varieties  of  wheat  require  steaming  in  place  of  heating,  and 
wheat  raised  by  irrigation  generally  requires  wetting  down  in  bulk  for  24  to 
48  hours  before  being  used. 

Briefly  speaking,  the  roller  system  has  for  its  object,  1st,  the  gradual 
reduction  of  wheat  into  middlings,  2d,  the  purification  of  the  middlings,  and 
3d,  the  gradual  reduction  of  the  middlings  into  flour. 

This  method  of  flour  making  is  divided  into  two  systems  popularly  known  as 
the  "  long  "  and  the  *'  short  '*  system.  These  terms  apply  principally  to  the 
number  of  reductions  used  to  convert  the  wheat  into  middlings.  The  long 
system  is  used  in  the  larger  mills,  especially  those  doing  a  merchant  or 
shipping  business,  and  produces  a  maximum  amount  of  middlings,  and  for 
this  reason  is  the  more  profitable  system.  Not  less  than  five  reductions  on 
wheat  are  employed  in  the  long  system.  Each  reduction  is  technically 
known  as  a  "  break."  Each  break  is  made  on  a  pair  of  corrugated  or 
fiuted  rolls.  The  corrugations  of  the  first  break  rolls  are  rather  coarse,  but 
they  are  finer  on  each  sacceeding  break.  The  number  of  corrugations  on 
each  pair  of  break  rolls  varies  with  the  kind  and  condition  of  the  wheat  and 
the  number  of  reductions  employed,  so  that  exact  information  on  this  point 
cannot  be  given  here.  One  roll  of  each  pair  of  break  rolls  has  a  speed  2^  or 
3  times  greater  than  its  mate.  After  each  reduction  of  the  wheat  on  the 
break  rolls  it  is  bolted  or  "  scalped  "  on  coarse  mesh  wire  or  silk  doth  to 
separate  the  middlings  and  flour  from  the  broken  wheat  so  that  the  latter 
may  be  sent  to  the  succeeding  break  and  be  further  reduced.  These  scalpers 
are  of  a  revolving  hexagon  or  round  reel  form,  or  on  the  reciprocating  sieve 
design.  The  miller  in  charge  so  graduates  the  breaks  from  first  to  last  that 
the  bran  issues  after  the  last  break  (and  the  subsequent  scalping  operation) 
trefi  of  fiour,  as  long  as  the  grain  is  in  good  milling  condition.    Should  it  be 
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damp  or  tough,  or  the  weather  be  mnrky,  a  bran  duster  is  necessary  to 
remove  all  rtnwiiniiig  traces  of  flour  from  the  bran.  Xhe  middlings  and  floor 
derived  by  the  foregoing  process  is  collected  from  the  various  scalpers  and 
sent  to  a  grading  reel,  clothed  with  silk  doth  of  varying  flneness.  This 
reel  separates  the  flour  from  the  middlings.  The  flour  is  bolted  on  round 
reel  flour  dressers  or  centrifugal  bolts  to  prepare  it  for  the  market  and  forms 
a  oommercial  grade  known  as  **  bakers'  flour.**  It  constitutes  about  60  to  70% 
of  the  entire  floury  product  when  made  from  winter  wheat,  or  about  30  to 
40%  when  made  from  spring  wheat.  The  middlings  are  divided  Into  three 
or  four  grades  or  sixes  and  sent  to  middlings  puriflers,  which,  by  means  of 
reciprocating  sieves  and  a  graduated  air  suction,  remove  all  free  bran  par- 
ticles and  flber.  Three  grades  of  middlings  are  formed  by  this  operation, 
viz.:  middlings  free  from  impurities,  middlings  containing  a  small  amoutit 
of  flue  adhering  bran  particles,  and  coarse  middlings  attached  to  germ  or 
bran.  A  fine  flber  or  cellular  tissue  permeates  each  particle  of  middlings 
which  is  of  a  white  color  and  undistinguishable  from  flour  until  it  is  wet  or 
baked  into  bread,  when  it  imparts  a  dark  color.  To  remove  this  fiber  success- 
fully it  is  necessary  to  gradually  reduce  the  middlings  in  size,  by  successive 
passages  through  smooth  rolls,  separating  the  flour  derived  before  the  mi<l- 
dlings  pass  to  the  following  reduction.  This  sizing  operation  also  liberates 
adhering  bran  and  germ  impurities.  The  various  grades  of  middlings  are 
at  flrst  reduced  separately  on  individual  pairs  of  rolls,  according  to  their 
size  and  quality,  but,  at  an  advanced  stage  in  the  process,  when  a  similarity 
in  size  and  quality  is  reached  they  may  be  mixed  and  worked  to  a  flnisli.  The 
flour  from  the  foregoing  operations  is  bolted  on  flour  dressers  and  is  known 
as  patent  flour,  and  commands  the  highest  price  on  account  of  its  pnreness. 
Spi-ing  wheat  produces  from  60  to  75%  of  patent  flour,  and  winter  wheat  15 
to  35%.  In  finishing  up,  a  small  percentage  of  flour  results,  varying  from 
3  to  10%  of  the  entire  flour  product,  which  is  too  dark  in  color  to  be  incor- 
porated with  the  other  grades.  This  forms  the  low  grade.  In  large  mills,  any 
or  all  of  the  above  three  grades  of  flour  may  be  subdivided  according  to 
quality  and  sold  as  separate  brands. 

In  the  short  system,  it  is,  as  its  name  implies,  a  curtailing  of  the  above 
process.  For  instance,  where  flve  breaks  on  wheat  and  seven  or  more  crushes 
on  middlings  are  used  in  the  long  system,  only  three  breaks  on  wheat  and 
five  crushes  on  middlings  would  be  used  in  the  short  system.  It  is  claimed 
by  exoellent  authority  that  owing  to  the  more  abrupt  method  of  reducing 
and  crushing  as  practiced  in  the  short  system,  a  smaller  percentage  of 
middlings  results  and  consequently  a  reduced  percentage  of  high  grade  and 
high-priced  flour.  Short  system  mills  are  usually  of  small  capacity,  ranging 
in  size  from  twenty-five  to  seventy- five  barrels  per  day,  and  usually  mix  all 
the  flour  to  form  one  straight  grade,  and  are  more  adapted  to  wintei  wheat 
than  to  spring  wheat. 
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A  WOBKINO  FLOUKINO  MUX. 

According  to  the  Plans  of  The  Edward  P.  Allit  Co.,  Milwaukee,  Wis. 

The  engraving  opposite  shows  a  perspecUve  view  of  a  working  flour  mill 
having  a  eapaci^of  60  barrels  of  flour  in  21  hours.  This  engraving  and  the 
deseription  thereof  is  given  in  connection  with  the  adjoining  article  on  **  The 
Koller  Process  of  Flour  Making."  A  small  mill  is  selected  for  these  modest 
sized  pages  in  preference  to  one  of  large  capacity,  to  enable  us  to  show  the 
details  on  as  large  a  scale  as  possible. 

The  operation  of  the  mill  commences  by  putting  the  wheat,  as  it  comes 
from  waigons  or  can,  into  the  hopper  scale  seen  in  the  right  hand  comer  of 
the  first  floor  in  the  engraving,  which  weighs  40  to  60  bushels  per  draft. 

From  the  scale  the  wheat  descends  to  the  bin  shown  in  the  basement 
directly  underneath,  which  will  hold  sufficient  grain  to  operate  the  mill  one 
day.    The  adjoining  elevator  serves  to  elevate  the  wheat,  as  needed,  to  the 
milling  separator  shown  on  the  second  floor.    Here  l^e  wheat  is  relieved  of 
all  foreign  particles  and  shrunken  grains  unfit  for  milling.    The  grain  is  now 
re-elevated  to  the  upper  one  of  the  two  adjoining  smutters  and  scourers,  and 
aftwr  the  wheat  has  been  acted  upon  by  these  two  machines  it  is  stored  tem- 
porarily in  a  bin  on  the  second  floor,  not  shown  in  the  engraving,  where  it  is 
ready  for  passage  through  the  rolls  and  bolts  in  its  conversion  into  flour,  as 
described  in  detail  on  other  pages.    The  shrunken  wheat,  taken  out  by  the 
separator  is  spouted  to  a  screenings  grinder  placed  against  the  far  side  wall 
and  is  converted  into  feed  for  horses  or  cattle.   The  dust  from  the  three  wheat 
cleaners  is  blown  into  Cyclone  dust  collectors,  those  conical  affairs  shown  near 
the  ceiling  of  the  second  floor,  which  separate  the  air  from  the  dust,  discharg- 
ing the  dust  at  tiie  bottom  and  the  air  at  the  top.    In  the  background  of  the 
second  floor  are  shown  the  various  flour  dressers,  centrifugal  finishers,  and 
middlings  purifiers.    On  the  first  floor  are  shown  the  four  double  roller 
machines  with  automatic  feeders,  each  machine  containing  two  pairs  of 
rolls,  each  pair  working  entirely  independent  of  the  other.    Three  pairs  of 
these  rolls  are  corrugated  for  the  purpose  of  gradually  reducing  the  floury 
part  of  the  wheat  to  middlings,  while  uie  remaining  flve  pairs  are  smooth  to 
gradually  reduce  the  middlings,  after  purification,  to  flour.    Near  the  side 
wall  in  the  foreground  is  shown  a  flour  packer  witn  its  flour  storage  bin  on 
the  floor  above.    In  the  rear  is  the  power  room,  containing  the  engine,  boiler, 
pumps,  and  heater.    A  bushel  of  60  lb.  wheat  produces  38  to  44  lbs.  of  flour,  6 
to  10  lbs.  of  bran,  6  to  8  lbs.  of  ship  stuff,  1  to  3  lbs.  of  screenings,  and  1^ 
to  X  lb.  invisible  loss  during  milling.    These  quantities  vary  with  the  kind 
and  condition  of  the  wheat,  the  condition  of  the  weather,  the  size,  kind,  and 
condition  of  the  mill,  and  the  skill  of  the  miller  in  charge.    I^rom  6  to  14 
horse  power  per  barrel  per  hour  is  required  as  motive  power,  depending  on 
the  size  of  mill  and  the  proximity  of  power  to  the  macMnery. 

Following  is  a  list  of  the  flouring  mills  of  Minneapolis,  with  names  of  own- 
ers and  capacity  of  each  per  day  :— 

PiUsbury  (A)  Mill,  7200  bbls.jPillsbury  Washburn  Flour  Mill  Co.:  Pillsbury 
(B)  Mill.  2500  bbls.,  PUlsbury  Washburn  Flour  Bfill  Co. :  Anchor  Mill.  1600 
bbls.,  Pillsbury  Washburn  ^our  Mill  Co.  ;  Palisade  MQl.  2000  bbls..  Pills- 
bury  Washburn  Flour  Mill  Co. :  Lincoln  Mill,  1000  bbls^  Pillsbury  Washburn 
Flour  Mill  Co. ;  Washburn  (A)  Mill,  4200  bbls.,  Washburn-Crosby  Co. ; 
Washburn  (B)  Mill,  1300  bbls.,  Washbum-Croeby  Co. ;  Washburn  (C)  Mill, 
300U  bbls.,  Washburn-Crosby  Co. ;  Crown  Roller  MUl,  2100  bbls.,  Northwestern 
Consolidated  Mill  Co. ;  Columbia  Mill,  1600  bbls.,  Northwestern  Consolidated 
Mill  Co. :  Northwestern  Mill,  1600  bbls.,  Northwestern  Consolidated  Mill  Co. ; 
Galaxy  Mill,  1500  bbls..  Northwestern  Consolidated  Mill  Co. ;  Zenith  Mill, 
1000  bbls.,  Northwestern  Consolidated  Mill  Co. ;  Excelsior  Mill,  1100  bbls., 
Minneapolis  Flour  Mfg.  Co. ;  St.  Anthony  Mill,  650  bbls.,  Minneapolis  Flour 
Mfg.  Co. ;  Standard  Mill,  1700  bbls.,  Minneapolis  Flour  Mfg.  Co. ;. Humboldt 
Mill,  1150  bbls.,Hinkle,  Greenleaf  &  Co. ;  Dakota  Mill,  350  bbls.,  H.  F.  Brown 
&  Co. ;  HoUv  Mill,  600  bbls..  Holly  Mill  Co. ;  Minneapolis  Mill,  1200  bbls., 
Crocker,  Fisk  &  Go. ;  Cataract  Mill,  800  bbls.,  D.  R.  Barber  ft  Son ;  PhcenSx 
Mill,  276  bbls.,  Stamwits  ft  Sehober.    Total  38,326  bbls. 
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■ABBUGE,  DITOBCE,  MUDITr. 

TODTHB'   PBBFABATORI   BDnCATIOn   FOR   FOLTOAMODS   » 


From  time  immemorial,  Iheoretically,  love  has  been  represented  as 
heavenly,  in  practice  almost  inrariably  gross.  Death  in  any  form  for 
a  woman  before  disbonoi,  Lucretia  has  been  tlie  model,  but  it  should 
be  borne  in  mind  that  the  other  side  of  that  atory  has  never  been  hild. 
From  the  earlieat  history  dawn  to  Anthony  Comstoak  the  clergy 
have  been  the  most  strenuous  promoters  of  such  ideas  and,  unless 
sadly  belied,  the  most  common  violators  of  them,  not  because  nat- 
urally worse  than  others  but  because  of  having  leisure  and  oppor- 
tunity. The  wise  man  of  the  Bible  requiring  a  thousand  women, 
the  Loid  taking  his  share  of  captive  virgins.  Lot  and  his  buxom 
daughters,  Camaralzaman  and  his  two  vdves,  and  the  classics 
describing  the  loves  of  the  gods  and  goddesses  are  not  reading  likely 
to  incidcate  mouogamy  in  the  youthful  mind,  yet  society  as  de- 
scribed by  Sabelais  when  the  clergy  had  entire  control  was  far 
worse ,  humanity  is  better  o5  with  less  of  that  control. 

The  marriage  laws  are  unequal  and  unjust,  often  causing  the  inno- 
cent to  suffer  for  the  fault  of  others.  The  "  for  better  or  worse  " 
is  a  device  of  evil  because  of  it  the  beautiful  bride  soon  becomes  the 
dowdy  wife ;  the  passionate  lover,  the  indifferent  husband. 

Muria«e  by  equitable  contract  should  produce  equality  and  con- 
tinned  efiorl  Vo  please.    Give  botb  the  same  right  to  propose  such 
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partnership.  Motherhood  is  a  natural  right,  its  desire  inherent 
from  infancy,  proved  by  the  craving  for  dolls.  This  right  is  often 
denied  to  the  best  through  lack  of  self-assertion.  Free  women 
from  her  bondage  of  conventionalism  and  long  petticoats,  encourage 
her  to  think  and  talk  of  something  besides  dress,  give  her  equal 
rights  with  man.  Protect  by  making  all  children  legitimate  and 
have  their  rights  secured,  but  allow  of  separation  on  breaking  of 
contract  by  either  party.  Parties  properly  mated  will  need  no  law, 
those  compelled  to  remain  together  often  would  be  better  apart. 

Nudity  is  a  matter  of  custom  j  the  innocent  mother  readily  exposes 
her  bosom  nursing  her  babe,  unconscious  of  evil.  The  fashionable 
lady  displays  both  ends  at  the  beach,  and  all  women  wearing  long 
skirts  frequently  make  a  liberal  show  of  underwear  walking  in  the 
mud,  windy  weather,  getting  into  car  seats,  etc.    • 

Why,  says  Mrs.  Grundy,  you  would  put  us  down  equal  with  the 
cattle !  My  dear  madam,  the  cattle  have  neither  lawyers  nor 
priests,  yet  their  sexual  relations  are  a  world  above  those  of  the 
human  animal.  Your  implication  is  an  insult  to  them.  Have  less 
conceit  and  more  self-examination. 


TWO  WOMEN. 

I  know  two  women ;  and  one  is  chaste 

And  cold  as  the  snows  on  a  winter  waste; 

Stainless  ever  in  act  and  thouffht 

^Ls  a  man  born  dumb  in  speech  errs  not). 

But  she  has  malice  toward  her  kind — 

A  cruel  tongue  and  a  jealous  mind. 

Void  of  pity,  and  full  of  creed, 

She  judges  the  world  by  her  narrow  creed. 

A  brewer  of  quarrels,  a  breeder  of  hate. 

Yet  she  holds  the  key  to  '<  Society's  *'  gate. 

The  other  woman,  with  a  heart  of  flame, 
Went  mad  for  a  Iotc  that  marred  her  name. 
And  out  of  the  grave  of  her  murdered  faith 
She  rose  like  a  soul  that  has  passed  thro'  death. 
Her  aim  is  noble,  her  pity  so  broad 
It  covers  the  world  like  the  mercy  of  Qod. 
A  healer  of  discord,  a  soother  of  woes, 
Peace  follows  her  footsteps  wherever  she  goes. 
The  worthier  life  of  the  two,  no  doubt ; 
And  yet  "  Society  "  locks  her  out. 
The  other  woman  for  me.  —Ella  Wheeler  Wilcox. 


WOMAN  SUFFRAGE. 

With  the  manifest  destiny  so  plainly  marked  upon  the  face  of  the  age  that 
woman  suffrage  is  bound  to  come,  it  seems  strange  to  see  the  ordinary  repub- 
lican seven  by  nine  rural  member  so  readily  join  the  Irish  statesman  in 
defeating  the  measure.  A  biped  with  ordinary  manhood  should  freely  grant 
such  equality  of  right,  and  certainly  the  American  woman  is  likely  to  vote 
as  intelligently  as  the  newly  man nfactured  citizen  from  any  foreign  country. 

Politics  are  not  likely  to  be  reduced  in  quality  by  the  addition  of  a  more 
reputable  class  of  voters.  Massachusetts  is  not  doing  itself  credit  in  the 
matter. 
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Cotton  Manufacture. 


The  mannfactiire  of  cotton  goods,  now  so  enormons  in  quantity  and  so  varied 
in  multiplicity  of  uses,  is  of  comparatiyely  recent  date.  Tne  fibre  was  first  intro- 
duced in  England  about  1640;  a  century  latter,  or  in  1741,  but  1,160.000  pounds 
were  used  there — a  quantity  that  would  but  partially  have  loaded  a  single  ship 
of  that  period,  or  a  freight  train  of  to-day.  The  invention  of  the  spinning  frame, 
by  Arkwright,  in  1768-71;  the  spinning  jenny,  by  Haregrave,  about  me  siunc 
time,  and  the  combination  of  the  two  by  Crompton,  ^us  forming  the  mule, 

gave  the  first  great  impetus  to  the  business,  which  was  enormousfy  increased 
y  Eli  Whitney's  invention  of  the  cotton  gin,  and  of  the  card  setting  machine 
by  Amos  Whittemore,  both  Massachusetts  men.    The  really  successfal  power- 
loom  seems  to  have  been  invented  by  the  Rev.  Edmund  Cartwright  of  England. 
Fear  that  such  machinery  would  render  their  employment  unnecessary,  caused 
the  working  class  to  gather  in  mobs,  and  destroy  it,  so  that,  hs  late  as  1813  it 
was  supposed  that  there  were   only    about  2400   power-looms    in  use  in  all 
England.    The  war  of  1812  with  that  country  made  it  more  necessary  to  manu- 
facture cotton  goods  in  this  country,  and  it  was  done  in  several  of  the  states,  but 
with  what  would  now  be  considered  a  ludicrous    division  of  labor,  as  the  spin- 
ning was  done  with  water  or  horse-power,  then  distributed  amon^  the  farmers' 
families,  and  there  woven  in  hand-looms.      Fower-looms  were  tried  in  various 
places,  but  without  being  able  to  compete  with  hand-looms.    Probably  the  first 
mill  ever  constructed  for  taking  in  raw   cotton,  and  turning  it  out  as  finished 
cloth,  was  completed  in  Waltham,  Mass.,    in  1813.     This  had  1700  spindles,  and 
all  the  other  machinery   necessary  for    the  purpose   named.     The  enterprise 
proved  successful,  and   another   and    larger  mill,    having  8584  spindles,  was 
soon  added  to  the  first.     [See   Lowell  water-power  rate.jf    From  such  begin- 
nings have  grown  the  immense  cotton  manufactures  of  the  country.   Six  milBon 
one  hundred  thousand  bales  of  cotton  were  raised  in  this  countiy  the  past  year. 
Spinning  is  the  heavy  work  of  the  business,  and  upon  the  spindle  is  oased  the 
estimates  of  cost,  value,  capacity  and  power    required  for  the  mill.    Circum- 
stances in  each  case,  of  course,  anect  such  estimates.     Suppose  a  new  mill  to  be 
constructed  where  a  dam  and  canal  are    ready  to  take  the  water  for  power,  the 
cost  for  race,  wheel-pit,  mill  and  machinery  would  be  estimated,  under  favorable 
circumstances,  at  about  $14.50  per  spindle.      Sixteen  dollars  per  spindle  at  this 
time  should  fit  up  such  a  mill  with  machinery  of   the  most  perfect  kind.    If 
canal,  dam  and  boarding  houses  were  to  be  added,  the  cost  would  probably  lie  $20 
per  sj^indle.    At  Fall  River,  where  steam  is  used  for  power,  the  estimate  at  this 
time  is  $17  per  spindle,  but  Fall  River  docs  not  furnish  boarding  houses.    A 
mill  45  X  lOO  feet,  four  stories  and  attic,  would    require  one  floor  for  spindles. 
V  spinning  frame,. having  128  spindles,  requires  56  feet  floor  space,  16  x  SJ  feet, 
or  about  2.3  spindles  per  foot ;  but  a  passage  way  is  required  each  side  of  the 
frame,  so  that  5000  spindles  would  be  a  good  outfit  for  such  a  mill  or  floor.    Six 
thousand  might  be  used,  but  would  hardly  be  advisable,  unless  room  was  scarce 
for  the  power  at  command.      The  power  should  equal  two  h.  p.  for  each  one 
liundred  spinning  spindles   in  a  mUl.     There   aie  light  running  spindles  and 
machinery  that  could  be  driven  with  something  less  than  that  rate— others  that 
would  require  more;  but  the  rate  is  a  fair  average  estimate.    Warp  and  thread 
mills  require  more  power  in  proportion  to  the  number  of  spinning  spindles  than 
mills  that  make  cloth.    Two  h.  p.  per  each  hundred  spinning  spinales  is  a  fair 
estimate  for  the  power  required  in  silk  mills.     Thirty-five  to  fifty  spindles  in 
cotton  mills  are  required  per  loom,  the  number  depending  upon  the  No.  of  yam 
used  or  fineness  of  cloth  produced. 

The  census  for  1880  will  give  the  number  of  spindles  in  the  Southern  states  as 
714,078;  looms,  15,222,  or  about  forty-seven  spindles  per  loom,  which  would 
indicate  that  their  product  is  quite«fine  cloth,  or,  what  is  more  probable,  that 
many  of  the  spindles  are  employed  in  making  yam  that  is  noj  woven  there. 


COTTON  mnnFACTIISE. 

All  at  the  Ultutrattona,  exoept  for  Plakar,  «ae  Undlr  (iiniUh«i]  bj  tbe 
Lowell  HacUne  Shop,  Lowell,  lUa*. 

CHABIJtB  L.  HlUlSETH,  SVYT. 

From  the  bale  the  ootton  goe*  to  the  Plaken,  Opener,  Biaakar,  and  Finish- 
er.   All  similar  in  appaarauce. 

PICKEB. 


From  Flnlahing  Plsker 


nuooe  In  ilHo*  Crom  liztjr  to  >  hundred  Of 


WhtohlnnuKlnto  1)im  ;  tbese  araUken  to  the  Flnlahlng  Card;  tbUU 
■iinlUr  U>  tbe  Breaker  Card  in  appearatice.  From  Flnlablog  Card  cotton  in 
BllTers  goes  to  the  KAllway  Head,  vhleh  dellTen  Into  oana,  from  ail  to  ten 


Fiom  BallwaT  Head  te 


M5 

VBIWINCI  FBAKE. 


m  Drawing  Frame  It  goen  to  the  Slubber,  wblch  Imids 

SLUBBER. 


•Htwax  to  OmZiMnaaSiaiieocStj  Fmsas. 


146 


FLT   FBAME. 


Rise  SPINNING  FA4HE. 


from  Bflaning  Frame  the  vwp  goea  to  Uw  SpoOlK, 
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SPOOIXBk 


TiMD  Hie  Spooler  to  the  Wuper, 


ms 
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From  DrBViSK-ln  to  LoOBi. 
LOOM. 


B.  tbr^  Bpoolen, 

__„_  -  llm  Tarietlee  of  woi» 

ih  reqnlna  ipedal  maehluery,  looma, 


proeeu  ta  dmUBr  op  to  the  spooler,  then  there  are 


ISO 


RtblWD,  Webbing  and  Tape  Loom. 

aimfaclured  £y  Z^  J,  XaotBlet  iC  Brvlher,  WorctiUr,  Ma*». 


Tbstb  xadb  at  thk  Mhi.  of  Edward  O.  Damoh  ddbiho  tat  Honto 

The  madilnerT  conrfsMd  of  7S  Tape  Looms,  cMiylng  2008  alnnlee ;  %  Qnillen 
of  36  spindles  eocli,  and  1  of  IB  spindles;  2  Warp  Dressers;  1 2-p1j  Wuper ;  1 
Tarn  tSpooler;  ITape  Heel;  1  Ynrn  Warper,  single;  2  Tape  Spoolers;  aiVpe 
Presses;  30  Coonter  Shafts,  average  lengtii,  eix  feel. 

The  power  for  the  abore  miichinery  was  (alien  from  below,  ihrongb  (he  floor, 
on  to  a  short  nwia  shaft  about  ten  feet  in  length,  the  main  pullej  being  forty-one 
inoiies  in  diameter  and  about  eighteen  inches  faee ;  belt,  iburteen  inches  wide. 
One-ply.    From  this  shaft  the  power  was  trsnsmlUed  through  a  pair  of  bcTet 

power  Kale  was  applied  lo  the  main  driving  pnlley,  and  eiamined  and  leeled 
at  short  intervals,  to  Bee  that  it  wafl  working  smoolhly  and  correctly-  Oen-  Tlieo. 
G.  Ellis,  of  nartford,  made  a  very  thorough  exammaCioD  and  test  during  tbe 
month,  and  reported,  as  the  resnlt  of  these  tests,  that  the  amonnt  of  power 

The  tests  of  the  same  machinery,  leaving  Uie  dressers  o£  was  found  to  be  atisut 

H.  A,  FoaTBB,  Svpl. 

Tests  madi  at  Mtli.  or  Nashawakktick  Mp'q  Co.,  Easthaiiptoii,  Mass. 


Power  required  te  drive  all  the  above  machinery  to  speed,  23.2  h.  p. 

Sdwabd  PAiHnB,  Bapt, 

TaSTS  HADI  AT  MlLL  OF  Glbmdali  Blabtiii  Fabmo  COXFAITri 
Eabtuaxftoh,  Uabb, 
The  machinery  condstedof  100  Looms,  10  Spoolers,  12  Quillers,  T>B  Braiders. 
Power  required  to  drive  all  to  speed,  K.!  h.  p. 

B.  C.  SoBKO,  Bapl. 


Test  of  Turbine  Wheel  and  Power  Required  to 
drive  Machinery  in  Mill  at  Natick,  B.  I. 


To  Mcertain  power  required  to  driye  machinery,  the  gate  wae  opened  until 
designated  machines  ran  at  regulator  speed,  then  the  power  of  wheel  was  found* 
with  same  head  and  gate  opemng.  The  turbine  rephiced  breast  wheels,  and  the 
dischai^  from  the  turbine  as  shown  by  the  old  water  mark  in  tul-race  35  feet  in 
width  was  8  inches  less  in  depth  than  from  breast  wheels. 

Test  of  Machinery,  March  14, 1871. 

The  ftrst  teat,  shafting  alone.  The  gate  3^  turns  open,  with  21  feet,  Z^  inches 
&11.    Wheel  making  77  revolutions  per  minute,  horse  power,  43. 

The  second  test,  all  the  shafting  and  457  Mason  Looms,  (print  goods, -64  sq., 
150  picks  per  minute.)  The  gate  5M  turns  open,  with  21  leet,  l>j|  inches  falL 
Berolntiona  of  wheel  77,  horse  power,  88. 

The  third  test,  all  the  above  and  77  rinsf  spinning  frames,  of  9,856  Rabbeth 
spindles,  6750  revolutions  per  minute,  also  8  warpers,  8  spoolers  of  64  spindles 
each,  and  17  mules  with  10,364  spindles.  The  gate  9}4  turns  open,  with  20  feet, 
9  inches  fall.    Bevolutions  of  wheel  77,  horse  power,  192. 

The  fourth  test,  all  the  machinery  in  the  mill,  or  in  addition  to  the  above,  1 
Eitson  opener,  2500  revolutions,  6  30.inch  Whitin's  lappers,  3  beaters,  each  22^ 
revolutions,  70  30.inch  bret^er  cards  with  125  revolutions  of  cylinders,  with  5 
Mason  Railwa]^  heads,  2  doublers,  70  80-i .  ch  finisher  cards  with  125  revolutions 
of  cylinders,  with  5  Lanphear  railway  heads,  10  drawing  friunes  with  50  deliver, 
ies,  6  slubber  speeders  with  420  spindles,  554  revolutions  of  flyers,  12  fine  speed- 
ers, 1248  spindles,  770  revolutions  of  fiyers.  The  gate  10^  open,  20  feei,  5^ 
inches  fidl.  Bevolutions  of  wheel  76,  horse  power,  203.  Gate  opened  in  fall  to 
get  power  of  wheel,  20>;^  feet  fall,  291>i^  horse-power. 


Nelson  Mill,  Winchendon.  Mass. 

I>enim«,  Sheetings,  and  Colored  Goods— 

H.P. 

4  pickers,  64  cards,  7800  sphidles,  2  drawing  frames  and  180  loomst  158.80 

All  the  above,  except  pickers,  130  10 

All  except  pickers  ana  cards,  89.46 

Only  looms  ranning,  57.85 

Shafting,  89.33 

Monohansett  Mill,  Putnam,  Conn. 


Two  hundred  horse-power  drives  two  hundred  and  ninety  two  40.1nch  wide 
looms  to  140  picks  per  mmute,  5632  frame  spindles,  6768  mule  spindles  with  all 
the  other  necessary  machinery. 

Eagrle  Mill,  Gonnectiout. 

This  is  to  certify  that  I  weighed  up  the  power  for  John  L.  Ross,  of  the  follow- 
log  machinery  and  shafting  at  hifl  mill,  in  Eagleyille,  Conn.,  with  a  Dynamometer 
on  main  shaft,  and  the  power  developed  was  foand  as  follows,  to  wit : 

Test  No.   l—Bun  the  shafting,  1  dresser,  1  spooler,  and  12  frames,  indicating 

27.64  h.p. 
Test  No.   2— shafting,! 
Test  No.   8—      " 
Test  No.   4—      " 


dresser,  1  spooler,  15  spinning  frames,  30.81  ** 

"        1       ••       18                "  34.86  •« 

"        1        «•       18                "  84.86  «• 

"        1        «•       15                «•  81.12  •• 

«        1        f*       12                4<  27.27  •• 

"        1        "       12                ♦•  27.27  •• 

"        1        «•       15                "  81.12  " 

-                   -        ••        1        «•       18                ««  84.86  «• 

Test  No.  10-*AU  of  shafting  connected  to  run  the  above  machlnexy,       10.80  '* 


Test  No.   5—  «« 

Test  No.   6—  " 

Test  No.   7—  " 

Test  No.   8-  " 

Test  No.   »—  «• 


15^ 

at  MassaehtUidtts  Ootton  Itills, 


Lowell,  Mass.,  Maboh,  1872. 

Trial  of  power  required  to  driTe  15  {•tretchers.  (3d  speeders)  52  spindles  each 
s=780  spindlea.  Speed  main  shaft  of  machine,  396  revolutions.  Speed  of  flyer, 
1121  revolutions.  Frames  driven  by  a  train  of  8  connter-shafbB— two  frames  by 
each,  except  the  last,  which  drives  one.  These  shafts  are  driven,  the  first  firom 
the  main  line,  and  the  others  in  succession  from  each  other.  1st.  Machines  and 
shafting  required  8056  lbs.  per  sec .=14.65  horse-power=537  lbs.  or  .976  horse- 
power each=10.3  lbs.  per  spindle=53.24  spindles  per  horse-power.  2d.  Shaft- 
in«r  and  loose  pulleys,  2000  lb8.=3.64  horse-power.  3d.  Shifting  alone,  belts  off, 
732  lbs.^1.33  horse-power. 

Trial  of  power  to  drive  6  throstle  spinning  frames,  (warp),  5  having  128  spindles 
each,  and  one  112  spindles,=752  spindles,  dnven  by  a  train  of  6  counter-shaitB,  the 
first  belted  from  the  main  line,  and  the  others  in  succession  from  each  ot^er. 
This  being  an  odd  row  of  frames,  only  one  frame  is  belted  from  eachshait. 
Spinning  !No.  20  yarn,  cylinder  running  750  revolutions,  and  flyers  4312  revoln- 
tions  per  minute.  Ist.  Shafting  and  loose  pulleys,  1150  lbs.=r2.09  horse-power. 
2d.  Shafting  alone,  machine  belts  off,  767  lb8.=1.39  horse-power.  8d.  Frames 
and  shafting,  6900  lbs. =12.54  horse-power. 

Trial  of  power  required  for  112  looms,  weaving  36.inch  sheetings,  No.  20  yam, 
60  threads  to  the  inch  each,  warp  and  fillings  Speed,  130  pic^  per  minute. 
These  looms  are  placed  in  the  back  part  of  the  middle  portion  of  No.  1  mill— 
one-half  in  the  basement  and  half  in  the  room  above — being  belted  from  5  lines 
of  shafting  in  the  lower  room.  These  shafts  are  driven  in  succession,  one  from 
the  other,  the  first  from  the  mi  in  line.  Size  of  shafting,  2  3-16  inches,  except 
the  first  piece  in  each  line,  on  which  the  counter-pulleys  are  placed ;  these  are  of 
several  different  sizes,  but  about  2^  inch  on  an  average.  The  driving  pulleys  are 
12  inch  diameter,  and  the  loom  pulleys  14  inch.  Ist.  112  looms  with  shafting 
lubricated  with  tallow.  Average  of  several  trials :  8870  lbs.=16.13  horse-power 
=79.20  lbs.  per  loom=7.24  looms  per  horse-power.  2d.  The  same,  after  oiling 
the  journals  of  the  shafting:  8492  lbs.=15.44  horse-powei:^=75.82  lbs.  per  loom?= 
7.24  looms  per  horse-power.  3d.  Trial  of  shafting  and  loose  pulleys,  lubricated 
with  tallow.  Average  of  several  trials :  2876  lbs.=5.23  horse-power.  4th.  Same 
after  freshly  oilin? :  2245  lbs.=4.08  horse-power.  5th.  Shafting  alone,  belts  off: 
913  lbs.=2.40  horse-power. 

Trial  of  power  required  to  drive  8  Lowell  Machine  Shop  Mules,  624  spindles 
each,  with  Emerson's  Dynamometer.  Five  mules  were  running  on  No.  22  yam, 
spindles  making  5500  revolutions  per  minute,  and  three  mules  on  No.  37  yam, 
spindles  making  6230  revolutions  per  minute.  1st.  The  8  mules  including  shait- 
inc^.  12,250  lbs.=22.25  horse-power,=2.45  lbs.  per  spindlc,=224  spindles  per 
horse-power.  2d.  Shafting  alone,  17.10  lbs.=3.1l  horse-power,=14  per  cent,  of 
the  whole  power.  3d.  8  mules  without  shafting,  19.16  horse-powers^ll  lbs, 
per  8pindle=260  spindles  per  horse-power. 


Test  of  Machinery  at  the  Alpaca  Mill,  Holyoke,  Mass. 


Looms  made  by  George  Hatterly  &  Sons,  Keighley^  Yorkshire,  England. 
These  looms  were  supposed  to  require  but  one-tenth  of  a  horse-power  each  to 
drive  them ;  250  of  them  in  use  there.  Two  sets  of  four  each  were  tried,  each 
set  taking  exactly  the  same  power. 

H.  Pa 

Four  looms  (plain,)  40-inch  reed  space,  180  picks  per  minute,  1.18 

Spinning  frame,  144  flyer  spindles,  2500  revolutions  per  minute,  2.60 

Lister  Comb,  18  inch  nip,  combing  long  wool,  .(IS 

Preparer  for  comb,  second  of  five,  fair  average  of  the  set,  M 

DandjT  roving  frame,  24  spindles,  1300  revolutions  per  minute,  .78 

Six  spindle  way  box,  aOS 

Six  spindle  finisher, M 


Many  patents  have  been  taken  out  for  the  purpose  of  proteetingr  devioe«  mippoaed  to  iirodiM*  Tsrr 


light  running  spindles,  but  there  are  spinning  frames  in  this  yidmty  (with  nnpatmtsd  darlew.) 
spindles  each  that  run  lighter  than  any  flrames  that  I  have  seen  else^Hliere :   tiiMe  are  dclv<D  with  SS 
of  an  inch  belt,  and  can  and  have  been  driven  with  belts  of  bat  1-4  of  aa  inoh  ia  width. 
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Test  of  Turbine  and  Power  Required  to  Drive 

Maohinery. 


Clyde  Bleaehery,  River  Point,  R.  I. 

To  ascertain  power  required  to  drive  machinery,  the  g^e  was  opened  nntil 

certain  maclunes  ran  at  speed*  afterwurds  the  power  of  the  wheel  was  tested 

with  the  same  gate  opening,  head  and  speed. 

H.P. 
1st  Test.    Gate  open  2  1-2  turns,  15.47 

Driving  shafting  of  mill  and  small  pump. 
2d  Test     Gate  opened  6  turns,  58.18 

One  5  bole  water  mangle,  1  Scotch  starching  mangle,  2  boles,  1  spindle 
calendar,  5  boles,  1  3-bole  calendar,  1  5-bole  calendar  and  1  doth 
winder. 
3d  Test.    Gate  opened  8  turns,  62.73 

All  the  machinery  in  the  bleaching  room,  viz :  3  washing  machines,  10 
feet  log,  2  washiu!?  macliines,  6  feet  log,  2  souring  machines,  4  feet 
log,  I  chemic  machine,  4  feet  log,  1  liming  machine,  4  feet  log,  and 
3  squeezers. 
4th  Test.    Gate  opened  in  ftill,  75.34 

All  the  above,  with  machinery  in  drying  room  additional*     The  latter 
is  1  drying  machine,  11  cylinders.  30x120  inches,  1  squeezer,  1  open* 
ing  mansle,  2  shearers,  4  sets  knives  each,  and  1  Canroy  winder. 
The  15.47  h.  p.  required  to  drive  shafting  must  be  deducted  from  the  second, 
third  and  fourth  tests  to  get  the  power  required  to  drive  the  machinery  named. 


Memonmda  of  power  required  for  operating  certain  bleaching,  finishing  and 
dyeing  machines,  at  S.  H.  Greene  &  Sons*  Bleach  and  Print  Works,  Biverpoint, 
B.  I.,  tested  vrith  Emerson's  Lever  Dynamometer,  April  1874. 

H.P. 

Washing  Machine  with  2  boles — 21  inches  diameter.  10  feet  long  with 
squeezers  attached ;  consisting  of  2  boles — 21  inches  diameter,  12  mches 

lon^,  18.60 

Limer,  brown  sour',  chemic  and  white  sour  machines — 2  boles  each— 21 

inches  diameter,  4  feet  long,  each  required  8.01 

Water  mangle— 5  boles,  11.39 

Friction  mangle— 2  boles,  16.38 

Calendar — 5  boles,  7.53 

Calendar— 3  boles,  5.91 

Calendar— 4  boles,  (one  bole  being  a  4-inch  spindle,)  8.07 

Shearing  machines— 4  sets  knives,  9.98 

Burrows*  natent  dye  beck— 40  ps.,  3.86 
Washing  Machine,  Madder  Dye  House,  with  2  boles— 10  feet  long,  20 
inches  diameter,  with  squeezers — 2  boles,  12  inches  long,  attached  with  cloth 

loose  in  water  pit,  7.97 

Hot  water  machines— 2  boles,  in  dye  house,  1.79 

Canroy  Winder— for  printing  machines,  6.32 
Power  to  drive  shafting  and  spring  water  pumps  of  bleachery,  drying 

room  and  mangle,  and  finishing  rooms  for  white  work,  18.18 

All  the  above  were  trials  while  the  machines  were  at  work,  cloth  threaded  in. 
A  number  of  trials  were  made.     The  above  ^ve  the  average  in  practical 
work. 

Hkvbt  L.  Ghumb. 
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Tests  of  Various  Elinds  of  Machinery. 


During  the  past  ten  years  I  have  tested  the  power  required  to  drire  a  great 
yariety  of  machinery,  out  haye  kept  no  record  of  such  until  recently,  because 
such  tests  to  others  are  of  but  little  yalne  unless  the  eouditions  are  exactlj  the 
same,  which  is  unlikely  to  be  the  case. 

The  following  were  taken  in  tlie  milts  named  and  represent  the  power  required 
to  driye  the  machines  while  doing  their  regular  work ;  by  the  tests  it  will  be 
seen  that  the  greater  the  number  of  spindles  in  a  frame,  the  greater  the  number 
is  likely  to  be  per  horse  power.  It  will  also  be  apparent  that  much  depends 
upon  the  make  of  the  frame. 

VWI6HT  Mr*fi  CO.,  CHICOPBE,  MASS.    J.  W.  CsMMMk,  AgMt,  H«T.  187S. 
MAHUrACTUBB  SHBBTIHOS  BBIKTIHOS  AID  P.  K**. 

Test  of  Lan  phear  frame,  128  Babbeth  spindles. 

To  driye  empty  spindles,  required  1.06  horse  power. 

To  driye  spindle  and  bobbin,  without  connection,  1.14 

Mean,  from  empty  to  full  bobbins,  required  1.30 

Berolutions  of  dram  per  minute,  810 

Computed  reyolutions  of  spindle  per  minute,  7800 

Beyolutions  of  front  roll,  72 

No.  of  yarn,  40 

Length  of  trayers  on  bobbin  in  inches»  5 

Foot  lbs.  per  spindle  when  at  work,  336.5 

Number  of  spindles  per  horse  power,  98 

Another  Babbeth  frame,  supposed  to  be  exactly  like  the  aboye  required  more 
power.    Spindles  per  horse  power,  92 

Lowell  firame,  202  lieht  long  spindles  No.  4  mill. 

Mean,  from  empty  to  full  bobbins,  2.52  horse  power. 

Beyolutions  of  drum  per  minute,  1025 

Computed  reyolutions  of  spindles,  7800 

Beyolutions  of  front  roll,  97 

Length  of  trayers  on  bobbin  in  inches  5^ 

Number  of  yam,  22 

Foot  lbs.  per  spindle,  412 

Spindles  per  horse  power,  78 

TTo  driye  the  cylinder  and  spindles,  rolls  stopped,  required  1.96  horse  power. 

Lowell  frame  hayine  208  short  ispindles  in  No.  4  mill. 
Mean,  from  empty  to  full  bobbins,  8  31  horse  power. 

Beyolutions  of  drum  per  minute,  1025 

Computed  reyolutions  of  spindles,  7800 

Beyolutions  of  fh>nt  roll,  97 

Lenirth  of  trayers  on  bobbin  in  inches,  6M 

No.  of  yam,  22 

Foot  lbs.  per  spindle,  525 

Spindles  per  horse  power,  68 

These  spindles  were  reduced  in  weight,  then  required  2.84  h.  p.  or  73.8  spin- 
dies  per  h.  p.  To  driye  the  cylinder  and  spindles,  the  rolls  being  stopped, 
required  2.2  horse  power. 

Lowell  frame,  (old)  208  lone  spindles. 

Mean,  from  empty  to  full  bobbins,  3.54  horse  power. 

Beyolutions  of  drum  per  minute,  1025 

Computed  reyolutions  of  spindles,  7800 

Beyolutions  of  firont  roll,  95 

Length  of  trayers  on  bobbins  in  inches  53^ 

No.  of  yam,  22 

Foot  lbs.  per  spindle,  563 

Spindles  per  horse  power,  59 

Whitin  frame,  128  long  spindles,  in  No.  1  ndlL 

Mean,  from  empty  to  full  bobbins,  1.45  h«ne  power. 
Beyolutions  of  drum  per  minute,  720 

Computed  reyolutions  of  spindles,  5040 
Beyolutions  of  front  roll,  82 
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Lengfth  of  tnyen  on  bobUn  in  inches,  6>^ 

No.  of  yurn,  14 

Foot  lb0.  per  spindle,  376 

Spindles  per  horse  power,  88 

Another  fhtme,  same  row,  supposed  to  be  exactly  like  the  abore,  carried  98 
spindles  per  horse  power. 

Biddeford  firame,  144  lonf?  spindleSi  No.  5  milU 

Mean,  from  empty  to  fall  bobDins,  1.67  horse  power. 

BeTolutions  of  drum  per  minute,  789 

Computed  revolutions  of  8p|i(dl9lli  ^^ 
BeTolntions  of  front  roll,  78 

I<engtU  uf  travers  on  bobbin  ii)  Inches,  6^ 

No.  of  yam,  22 

Foot  lbs.  per  spindle  359 
^indies  per  horse  power,  73 

Biddeford  frame,  144 Pearl  spindles, No.  SmllU 

Mean,  from  empty  to  Aill  bobbuq,  1.91  horse  power. 

KeTolutions  of  drum  pe*  minute,  797 

Computed  revolutions  of  ^piod^^  7000 

Revolution  of  front  roll,  92 

Leniirth  of  travers  on  bobbin  in iftehes.  ^H 

No.  of  yam,  22 

Foot  lbs.  per  spindle,  439 

Spindles  per  horse  power,  75 

Whitin  one  rail  frame,  128  Butti^ek  A  Flanders'  spindles,  in  No.  1  mill. 

Mean,  from  empty  to  full  bobbins,  1.16  horse  power. 

Revolutions  of  drum  per  minute,  720 

Computed  revolutions  of  spindles,  8720 

Revolutions  of  front  roll,  100 

Len^h  of  travers  on  bobbin  in  inches,  6)^ 

No.  of  yam,  14 

Foot  lbs.  per  spindle,  807.6 

Spindles  per  horse  power,  107 

Another  frame  in  the  same  row  supposed  to  be  exactly  like  the  above,  required 
more  to  di  ive  it  only  carxying  94  spindles  per  horse  power. 

Biddeford  one  rail  frame,  144  Buttrick  spindles  in  No.  6  mill,  using  Pearl 
bobbins. 

Meao,  from  empty  to  frill  bobbing  1.77  horse  power. 

Revolutions  of  drum  per  minute,  825 

Computed  revolutions  of  spindles,  7300 

Revolutions  of  front  roll,  98 

Length  of  travers  on  \)obl[>in  in  inches,  6>^ 

No.  of  yam,  22       . 

Foot  lbs.  per  spindle,  406      , 

Spindles  per  horse  power,  81 

Biddeford  two  rail  frame  of  144  Buttrick  spindles,  using  Pearl  bobbins. 

Mean,  from  empty  to  full  bobbins,  1.68  horse  power. 

Revolutions  of  dram  per  minute,  825 

Computed  revolutions  of  spindles,  7300 
Revolutions  of  front  roll,  98 

Length  of  travers  on  bobbin  in  inches,  6>C 

No.  of  yam,  22    . 

Foot  lbs.  per  spindle,  385 

Spindles  per  horse  power,  86.6 

Lowell  Donbler,  dofSng  64  caMs.    BAqoired,  4.28  horse  power. 

Howard.  A  Bullock  Slasher,  16  inch  fans,  makinj?  1200  revolutions  per  minute. 
Yam  moving  36  yards  per  minute.    Required,  5  04  horse  power. 

Lowell  Machine  Shop  Looms.  12  on  86-inch  g^oods,  64  picks  per  inch.  11  on 
40-inch  troods,  76  picks  per  inch,  145  picks  per  mmute.  Required,  4.08  h.  p.  or 
6.6  looms  per  horse  power. 

Lowell  Coarse  Speeders,  40  spindles,  .36  hank  roving.  Eight  and  half  inch 
space,  12-inch  travers.  1^  roll,  making  196  revolutions  per  minute.  Flyers, 
626  revolutions  per  minute.  Required,  1.41  h.  p.,  117  foot  lbs.  per  spindle  or  283 
spindles  per  h.  p« 
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ZntersMdUte,  M  tpindlft.  .90  hank  rovto^  •|*liieii  spioe.  9H*A^nKKi** 
Front  roll*  1|  inches  iu  diameter,  maldnff  900  reyolations  per  minnto.  Jfljtn 
040  revolutions  per  minute.  Beqnired,  l.w  li.  p.,  340  foot  lbs.  per  spindle  or  80.2 
spindles  per  horse  power. 

Fine,  72  spindles,  54nch  space,  8V-inch  trayers,  2.83  hank  roving.  Diameter 
of  front  roll  l|-inch,  making  140  reyolutions  per  minote.  Flyers  1215  revoln- 
tions  per  minute.  Required,  1.08  h.  p.,  783  foot  lbs.  per  spindle  or  42  spindles  per 
horse  power, 

Two  DraiHng  Frames,  8  to  1, 4  deliveries  each.  Boll  IX  inch  diameter,  making 
908  revolutions  per  minute.    Required,  1.09  hor»e  power* 

Two  Pawt^cket  Spoolers,  80  spindleH  each,  or  160  per  pair.  Beyolntions  of 
cylinder  166  and  of  spindles  786  per  minnte.  No.  of  yam  22,  warp.  Beqnired, 
.74  h.  p.    Spindles  per  horse  power,  217. 

Five  Howard  &  Bullock  Warpers  (English  )  Cylinder  making  45  reyolnttons 
per  minute.  Width  of  section,  54  inches.  Average  No.  of  uireads  to  each 
warper,  860.    Bequired,  .83  h .  p.,  or  .18  h.  p.  per  warper. 


CnCOPU  BV^O  CO.,  CHIOOPH  rALL8,  HA8S.   ««««•  H.  «mm,  iRnt,  *•▼.  18T8. 

MAHITFAOTUBS  OOTTOV  FLAKVBLS,  QUILTS  AHD  SUSTnrOS. 

Test  of  frame  having  266  Sawyer  spindles,  in  a  mill  of  that  oonmany. 

To  drive  the  empty  spindles,  required  1.20  h<Nrse  power. 

To  drive  bobbins  before  connection  with  yam,  required  1.46 

Mean,  from  empty  to  full  bobbins,  2.09 

Revolutions  •  f  drum  per  minute,  868 

Computed  revolutions  of  spindle,  7612 

Bevolutions  of  front  roll,  88 

No.  of  yam,  25 

Length  of  travors  on  bobbin  in  inches*  6 

Foot  lbs.  per  spindle  when  at  work,  260.6 

Spindles  per  horse  power,  122 


WABP  KILL,  HOLTOO.  HA88.   «.  L.  BwUbbum,  Agmt,  Dm;  18T8. 

M AKurACTuaa  wabps. 

Lowell  Frame,  160  Sawyer  spindles  (old  frame.) 

liean  power  required  1.87  horse  power. 

Bevolutions  of  drum.  860 

Calculated  revolutions  of  spindles*  7166 

Revolutions  of  front  roll,  103 

No.  of  yam.  18 

Travers  on  bobbin  in  inches*        >  5^ 

Foot  lbs.  per  spindle,  887 

Spindles  per  horse  power,  85.2 

Another  in  same  mill ;  New  Lowell  Frame*  160  Sawyer  spindles. 

Mean  power  required  1.74  horse  power. 

Revolutions  of  arum,  936 

Calculated  revolutions  of  spindles*  7480 

Revolutions  of  front  roll*  84 

No.  of  yam,  28 

Trayers  on  bobbin  in  inches*  6|C 

Foot  lbs.  per  spindle,  868 

Spindles  per  horse  power*  92.1 

HADLBT  00.*  HOLTOO,  MASS.    WHIIui  Onvw,  Afwit,  Dm.  18T8. 
MAVUVAOTUBa  TABV,  TBBBAD  ABO  TWIBB. 

Whitin  Frame,  144  Bnttiick  spindles,  ring  1|  Inehes. 

Mean  power  required  1.68  horse  powur. 

Revolutions  of  drum,  918 

Revolutions  of  front  roll,  98 

Calculated  revolutions  of  spindle*  7608 

Travers  on  bobbin  in  inches,  6)i 

No.  of  yam,  22 

Foot  lbs.  per  spindle,  361 

Spindle  per  horse  power*  91.2 
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Whitin  Fnitft,  144  common  long  ipindle*,  rinir  IX  indies. 
Mean  powef  rtiaoired 
BeTolntions  of  anim» 
Berolations  of  front  roll. 

Gal^JLAted  reyolutions  of  spindles. 
No.  of  yiuro, 

Trareirs  on  boM>in  in  inches, 
Foot  lbs.  per  spindle, 
Spindles  per  horse  power, 


1.63  horse  power* 
940 

87 
e04S 

23 
6X 
868 

90 


Two  Whitin  Frames,  100  lon^  light  spindles  each,  or  320  spindles  per  pair. 

Mean  power  required  2.60  horse  power. 

Re  solutions  of  drum,  041 
BeTcdutioos  of  front  roll,  68 

escalated  revolutions  of  spindles,  6761 
No.  of  yam,  40 

Trayers  on  bobbin  m  inches,  4>^ 

Foot  lbs.  per  spiodle,  288 

Spindles  per  horse  power,  128 

Whitin  Frame,  144  Sawyer  spindles,  ring  1}^  inches. 
Mean  power  required 
Bevolations  of  drum, 
Bevolutions  of  front  roll. 
Calculated  rerolutions  of  spindles. 
No.  of  yarn, 

f  ravers  on  bobbin  in  inches, 
oot  lbs.  per  spindle. 
Spindles  per  horse  power, 


1.30  horse  power. 
926 

78 

7408 

30 

298 
111 


Whitin  9»inch  Slubber  of  72  spindles,  hank  roving  one-third. 
Mean  power  required 
Hevolutions  of  roll, 
Revocations  of  spindlest 
Foot  lbs.  per  spindle. 
Spindles  per  horse  power, 

Whitin  Intermediate  Frame,  120  spindles,  hank  roving  4>^. 
Mean  power  required 

One  aud  one-  eignth  inch  rolls     Revolutions, 
Bevolations  of  spindles. 
Foot  lbs.  per  spindle. 
Spindles  per  horse  power, 

Whitin's  Jack  Roving  Frame,  144  spindles,  hank  roving  15. 

Mean  power  required 

Revolntions  of  roll,  7^,    Diameter  of  same  in  inches. 

Revolutions  of  spindles. 

Foot  lbs.  per  spindle, 

Spindles  per  horse  power, 

Whitin's  Drawing  Frame,  16  ends,  4  cans. 
Power  required 
Revelations  of  roll, 

Fales  &  Jenks'  Frame,  272  Rabbeth  spindles,  ring  1^  inches. 


.59  horse  power. 
95 
582 
268 
123 

.47  horse  power. 
96.6 
850 
180 
254 

.48  horse  power* 

1086 
110 
300 


.58  horse  power. 
280 


Mean  power  required 

Seven  inch  drum.    Revolutions, 

Revolutions  of  front  roll, 

Calculated  revolutions  of  spindles, 

Travers  on  bobbin  in  inches. 

No.  of  yarn, 

Foot  lbs.  per  spindle, 

^indies  per  horse  power. 


2.36  horse  power. 

725 

100 
6767 

20 
286 
115 


Another  Fales  &  Jenks'  Frame,  272  Rabbeth  spindles,  ring  1^  inches, 
fiiean  power  required  2.15  horse  power. 

Revolntions  of  drum  725 

Be  V  olutions  of  front  roll,  78 

Calculated  retolUtiions  of  spindles,  .        6767 
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No.  of  yarn,  8Q 

t>»T«ra  on  bobbin  in  inches,  $X 

Foot  lbs.  per  spindle,  981 

Spindles  per  horse  power,  128 ' 

Fales  &  Jenks'  1876,  Twister,  248  Bsbbeth  spindles,  two  cylinders. 

Mean  power  required  'LSO  hone 
No.  of  yaro,  40— S  ply' 

No.  of  Traveler,  14.    2-inch  ring. 

Diameter  of  dnun,  8  inches.    Skyolntions  oi  same,  750 
Threj  inch  roll.    Berolations,  27^ 

Diameter  of  whirl,  1  5-16  inch.    Bevolations  of  spindles,  4662 

Foot  lbs.  per  spindle  680 

Spindles  per  horse  power,  61.6 

Two  cylinders  in  the  same  frame  can  hardly  be  desirable* 

Fales  &  Jenks*  1872,  Single  Cylinder  Twister,  144  Babbeth  spindles. 

Mean  power  required  1.74  horse  po 
No.  of^yam,  40—2  ply. 

No.  of  Traveler,  16 

Seven  inch  drum.    Bevolutions,  823 

One  and  one-half  inch  roll.    Revolutions  of  spindle,  48 

One  and  one-sixteenth  whirL    Bevolutions  of  spindles,  6436 
Foot  lbs.  per  spindle,  400 

Spindles  per  horse  power,  81.6 

Hiirgins'  Sons  A  Co.  Slubber,  60  spindlet. 

Bevolutions  front  roll,  118| 
Be  volutions  of  spindles,  670 

Bequired  1.02  hone  power. 

Spindles  per  horse  power,  68.6 

Biggins'  Sons  &  Co.  7-inch  intermediate  finame,  128  iplBdles,  haok  roving  3|^. 
Mean  power  required  1.68  horse  powm. 

Diameter  of  roll  II  inch.    Bevolutions  128 

Bevolutions  of  spindles,  1118 

Foot  lbs.  per  spindle,  408 

Spindles  per  hone  power,  81 

Higgins'  Sons  &  Co.  (English)  6}^  inch  Jack  Fhune,  144  spindles,  hank  rov- 
ing 11. 

Mean  power  required  1.45  hone  power* 

Bevolutions  of  roll,  83.    Diameter  of  same  In  inehes,  1^ 

Bevolutions  of  spindles,  1400 

Foot  lbs.  per  spindle,  833 

Spindles  per  horse  power,  09 

English  Twister,  286  Babbeth  spindles,  IH  inch  ling. 

Mean  power  required  3.07  horse  power. 
No.  of  yam,  86—2  ply. 

No.  of  Traveler,  16 

Height  inch  drum.    Bevolutions,  600 

Three  inch  roll.    Bevolutions,  23.6 

One  and  one-fourth  inch  whirl.    Bevolutions,  3840 

Foot  lbs.  per  spindle,  458 
Spindles  per  horse  power,  72 

Crighton  &  Son  (English)  Doubler,  16  ends.  Lap  187  pwt.  to  the  yard. 
Driving  pulley,  making  600  revolutions  Der  minute.    Bequired,  .55  horse  power. 

Boyd's  (Glasgow)  Spooler  or  winding  machine,  50  spindles  or  drums.     One 
side  winding  from  three  bobbins ;  the  other  side  winding  from  three  cops. 
Driving  pulley  and  drums,  making  228  revolutions  per  minute. 
Mean  power  required  .15  horse  power. 

Foot  Ids.  per  spmdle,  99 

Spindles  per  hone  power,  88S 
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Fair  of  Dobson  &  Barlow  (English)  MuleSi  832  spindles  each. 
Ten  stretches  in  4  minutes,  25  seconds. 

Diameter  of  front  roll,  1  inch.    Bevolotions  of  same  per  miniite,  TS 
No.  of  yarn,  70.    Calculated  revolutions  of  spindles^  6603 

Maximum  force  required,  7.83  horse  powtr. 

Spindles  per  horse  power,  212.6 

Phir  of  Mason  Mules,  832  spindles  each. 
Ten  stretches  in  3  minutes,  66  seconds. 

Berolutions  of  front  roU,  78 

No.  of  yarn,  70.    Calculated  revolutions  of  spindles,  6000 

Maximum  force  required,  4.40  horse  power. 

Spindles  per  horse  power  375 

French  Comber  made  by  Hethrinirton  &  Sons,  Manchester,  England. 
Making  62  strokes  per  minute.    Required,  .24  horse  power. 

Flatt  Bros'  Jack  Frame,  144  spindles,  hank  roving. 
Mean  power  required  -73  horse  power. 

Boll  1}  inch  diameter.    Revolutions  of  same  61 

Revolutions  of  spincQes,  1181 
Foot  lbs.  per  spindle,  JJJ 

Spindles  per  horse  power,  108 

Eicson  Picker  (changed)  using  Whithead  &  Atherton's. 
Whipper  beater. 

Diameter  of  roll,  0  inches.    Revolutions  of  same  per  mmute,         SX 

Bevolutious  of  24-inch  whipper,  1130 

devolutions  of  16-inch  beaters,  1^45 
Revolutions  of  fans,                                                       2000  and  1500 

Yards  of  lap  per  minute,  ,?•]??  ^ 

M^y^mnm  force  required,  10.24  horse  power. 

Whitehead  &  Atherton's  Picker. 

Diameter  of  Bolls  9  inches.    Revolutions  of  same  per  minute,    S^ 

Revolutions  of  24-inch  whipper,  1070 

Revolutions  of  16-inch  beater,  1380 

Revolutions  of  fans,  1000  and  1340 

Yards  of  lap  per  minute,  6.67 

Ma-rimnm  forcc  required,  0.36  horse  power* 

Eatson's  2d  Kcker  or  Finisher. 
Diameter  of  rolls  9  inch.    Revolutions  of  same  per  minute,  7 

Revolutions  of  1st  beater,  16-inch,  1475 

Revolutions  of  2d  beater,  16-inch,  1410 
Revolutions  of  fans.  1430.    Yards  of  Lap,  5.6 

Maximum  forcc  required,  « -8  borse  power. 

Whitehead  &  Atherton*s  2d  Ficker  or  Finisher. 
Diameter  of  rolls,  9  inch.    EUi volutions  of  same  per  minute,  IH 

Revolurions  of  1st  beater,  16-inch,  1410 

Revolutions  of  2d  beater,  lO-inch,  1410 

Kevolutions  of  fans,  1374 
Yards  of  Up  per  minute,  p-^ 

Maximum  force  required,  6.64  horse  power. 

The  Kitson  picker  had  a  six  inch  belt,  the  Whitehead  &  Atherton  a  four  inch; 
by  timinir  the  two  and  weighing  laps,  a  difterencc  of  more  than  ten  per  cent,  was 
found  in  favor  of  the  Kitsoii,  but  this  was  done  away  with  by  soapiii*?  the  puUevs 
and  belt  of  the  Whitehead  &  Atherton  machine.  As  arranged,  for  domg  the 
game  amount  of  work*  each  required  the  same  power. 
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THE  EYOLUnON  OF  OlfE  OF  EMEBSON^S  PATEIXTS. 

We  print  herewith  an  article  from  the  Boston  AAverHser  of  Mot.,  1889, 
deMribing  a  bosinees  that  originated  with  James  Emerson^  of  Tl^lUmansett, 
and  whieh  was  under  his  control  until  1860.    He  commenced  in  1852. 

The  windlass  was  so  radically  diiferent  from  all  proTious  devices  for  the 
purpose,  that  it  was  lauffhed  at  by  seafaring  men,  particularly  naval  officon, 
etc.  Four  years  of  persistent  effort  and  a  gift  to  an  impecunious  shipowner 
gained  the  privilege  of  putting  one  on  a  snip.  The  war  through  the  impro- 
vised battle  ships  from  the  merchant  service  introdnoed  it  into  the  navy. 
Perhaps  some  of  the  readers  of  this  will  recollect  about  a  year  since  reading 
of  the  **  Gov.  Ames,'*  a  five  masted  schooner,  being  dismantled  on  the 
**  Georges  **  and  that  her  salvation  depended  on  her  windlass.  The  patterns 
for  that  windlass  were  made  by  Mr.  Emerson  or  from  his  plans.  A  2}i  inch, 
chain  weighs  16  tons  or  40  pounds  to  a  link,  the  two  chains  and  anchors  37 
tons  ;  the  windlass  has  to  sustain  not  onlv  that  weight  but  the  entire  strain 
the  two  chains  will  hold,  and  such  chains  often  part  and  let  vessels  so  ashore. 
Yet  after  nearly  40  years  of  continued  labor  upon  devices  for  dupe,  milla, 
hydraulics,  dynamics  and  steam  heating  devices,  it  is  a  pleasant  thou^tthat 
of  the  numerous  lives  and  millions  of  property  often  dependent  upon  his 
judgment,  no  life  nor  serious  loss  of  property  has  ever  occurred. 

The  circular  of  Emerson,  Walker  &  Thompson,  of  11  Leadenhall  street, 
London,  Eng.,  of  1885,  claims  to  have  fitted  up  0000  vessels  with  the  wind- 
lass. 

A  little  more  than  12  years  ago  travelers  across  **  Red  Bridge,"  in  the 
eastern  suburbs  of  Providence,  noticed  a  small  wooden  building  erected  not 
far  from  the  bank  of  the  Seekonk  river.  A  modest  sign  over  the  door  told 
that  this  was  the  new  plant  of  the  American  Ship  Win<Uass  Oo.  The  build- 
ing soon  became  too  small.  In  six  months  a  second  fully  as  large  as  the  first 
went  up  by  its  side,  llie  next  year  there  was  another  enlargement  and  tlM 
next  year  still  another.  Thus,  year  by  year,  the  plant  has  grown,  until,  at 
the  present  time  the  value  of  the  land  and  buildings  of  the  American  Snip 
Windlass  Go.  is  fully  nine  times  that  of  the  original  plant.  Extensions  are 
still  in  progress,  for  the  business  is  still  increasing  rapidly,  and  to-day 
the  sound  of  the  hammer  is  heard  as  a  new  building  is  in  process  of  erection 
upon  the  site  of  the  old.  Its  windlasses  and  capstans  were  weU  known,  while 
they  were  manufactured  under  the  old  regime.  As  long  ago  as  1866  the 
Massachusetts  Charitable  Mechanics*  Association*  awardM  a  gold  medal  to 
the  Emerson  patent  windlass.  The  present  American  windlass  is  based  upon 
the  Emerson  patents. 

Since  1866  the  windlass  has  received  many  medals  and  other  awards  from 
fairs  and  expositions  and  has  alwavs  taken  the  highest  award  or  prise  offered 
for  windlasses  whenever  exhibited.  More  than  20  years  after  the  Emerson 
windlass  received  the  gold  medal  of  the  .Massachusetts  Charitable  Mechanics* 
Association,  the  same  society  again  recognized  its  merits  in  a  similar  manner. 
A  gold  medal  was  also  award^  it  by  tiie  World's  Industrial  and  Cotton 
Centennial  Exposition  held  at  New  Orleans  in  1884-6.  The  North,  Central, 
and  South  American  Exposition  of  1886-6  granted  to  it  the  first  desree  of 
merit.  The  only  award  given  for  windlasses  and  capstans  at  the  U.  S.  Cen- 
tennial Exposition  was  granted  to  the  American  Ship  Windlass  Co. 

The  best  proofs  of  the  complete  success  of  this  windlass  is  found  in  the  fact 
that  the  finest  steam  and  sailing  vessels  afloat  are  fitted  with  these  machines. 
The  IT.  S.  government  has  repeatedly  recognized  their  merit.  The  new  steel 
U.  S.  cruisers,  the  Chicago,  Boston,  and  Atlanta  are  furnished  with  them, 
as  are  also  the  dispatch  boat  Dolphin,  the  Thetis.  Beiar,  Baltimore,  Vesuvius, 
Yorktown,  and  Petrel :  the  coast  survey  vessels  Hassler  and  Blake :  the 
lighthouse  boats  Haze,  Dahlia,  and  Myrtle,  and  so  great  a  number  of  the  U.  S. 
revenue  cutters  that  to  enumerate  them  would  be  to  write  almost  a  com» 
plete  list  of  these  vessels.  Steamers  of  the  Mallory,  Pacific  Mail,  Ward's, 
Ocean,  Clyde,  Morgan,  Old  Colony,  New  Brazil,  Cromwell,  Norwich,  Winsor, 
and  many  other  Imes,  transatlantic  and  coastwise,  are  furnished  with  the 
*'  American  "  windlasses,  which  have  always  given  the  fullest  satisfaction. 
At  present  at  least  95  per  cent,  of  the  windlasses  made  and  sold  in  the 
American  market  come  from  the  works  of  the  American  Ship  Windlass  Co. 

•The  same  Assooiatlon  also  awarded  a  gold  medal  to  tibe  Emsoon  Power  Scale,  aa 
Instrnmeunt  ttiat  now  has  no  competitor. 
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Ship's  Windlass* 

It  has  often  happened*  when  low  results  haye  compelled  me  to  report  nn&Tor- 
ablj  of  turbine  phins,  that  the  designers  have  intimated  that  if  I  had  experienced 
the  yicissitudes  of  au  inventor's  life,  more  leniency  woold  be  shovm.    GQie  Patent 
Office  Reports  will  show  that  quite  a  number  and  variety  of  patents  have  been 
granted  to  me,  and  the  records  of  the  office  will  show  a  still  larger  number  o/ 
applications  for  others,  some  of  which  were  rejected,  others  granted,  then  aban- 
doned.    T\vo  causes  have  prevented  me  from  realizing  much  pecuniary  benefit 
from  patents.    First,  because  my  inventions  have  been  a  generation  before  the 
Age.    Secondly,  because  my  plans  have  been  very  expensive  to  develop.  I  have 
never  cared  to  immortalize  myself  by  the  invention  of  a  mouse  trap,  pie  fork  or 
clothes  pin.    One  pateut  I  have  ever  felt  ashamed  of:  it  was  taken  out  under  the 
followiug  circumstances.     A  lady  friend  as  a  joke  asked  me  to  get  up  a  device  to 
keep  her  husband's  mustache  out  of  his  cofiiee.     A  plan  was  readily  found,  con- 
sisting of  a  peculiarly  shaped  comb  with  guarders  and  nippers.     Two  young 
ladies  asked  to  have  a  patent  taken  out  and  assigned  to  them.     It  was  applied 
for.    The  model  proved  so  attractive  that  it  was  purloined,  and  the  commissioner 
bad  to  send  for  another;   in  the  meantime,  the  man  for  whom  the  plan  was 
devised  took  his  comb  to  the  Fifth  Avenue  Hotel,  N.  Y.,  and  exhibited  it ;  in  less 
than  a  month  several  huhdred  dollars'  worth  of  orders  were  received  from  fimcy 
goods  dealers.    By  that  time  the  joke  had  become  stale  and  the  matter  was 
itropped  in  disgust,  though  I  believed  then,  and  continue  in  the  same  belief  now, 
that  more  money  could  nave  been  made  from  that  than  from  any  other  patent 
granted  me.    It  is  not  my  purpose  to  go  into  a  general  history  of  my  inventions 
but  there  are  several,  now  very  popular  and  Incrative  devices,  patents  of  others, 
that  were  offered  to  leading  men  thirty  years  since  by  myself;  the  plans  were 
pronDUuced  chimerical.    The  self  coupling  for  cars,  steam  brakes  and  heating 
cars  by  steam— tiie  plans,  almost  identical  with  those  now  so  common,  were 
ur:;ed  br  me  upon  the  managers  of  the  several  railroads  as  early  a^  1850,  but  in 
vain.     My  experience  in  introducing  the  ship's  Windlass,  herewith  illustrated, 
will  be  sumcicnt  to  show  my  turbine  friends  that  I  have  known  something  of  an 
iuvciitor's  troubles.     Headers  who  are  not  acquainted  with  such  matters,  may, 
by  looking  in  **  Webster's  Unabridged,"  see  an  illustration  of  a  ship's  windlass; 
such  as  was  in  use  on  all  merchant  vessels  of  anv  size  forry  years  since.     Such 
windlasses  were  made  of  a  single  oak  log,  varyingin  length  Irom  six  to  twenty-five 
feet,  according  to  the  size  ot  the  vessel;  three  or  four  turns  of  the  cable  would 
be  wound  around  the  windlass,  the  inner  or  loose  end  of  cable  next  to  the  bitt; 
i  n  lieaving  in,  the  chain,  like  a  nut  or  screw,  would  work  towards  the  middle  or 
pawl  bitt,  so  that  after  a  few  turns  the  cable  would  have  to  be  made  fast  forward 
of  the  windlass,  then  the  three  or  four  turns  of  the  chain  slipped  back  towards 
the  bitt.    The  cables  were  stowed  below  by  the  mainmast  in  order  to  have  a  long 
stretch  of  chain  back  of  the  windlass  to  help  hold  it  from  slipping  when  icy  or 
muddy.    Now,  by  considering  tliar.  the  largest  chain  cables  are  made  of  round 
iron,  2 j^  inches  in  diameter,  the  links  being  eisrht  inches  wide  and  twelve  in 
length — fifty  pounds  t  >  ea<-h  foot  in  length  of  ch  lin,  each  cable  five  hundred  and 
forty  feet  in  length  with  an  anchor  of  three  tons  in  weight  at  the  end— and  it  will 
readily  be  understood  that  a  crew  had  a  hard  job  to  handle  such  a  cable,  more 
particularly  in  deep  water;  besides,  it  was  often  impossible  to  get  an  anchor 
ri'ady  to  let  go  before  a  ship  would  be  ashore,  for  it  was  always  necessary  to  haul 
up  sufficient  length  of  cable  from  the  chain  locker  to  reach  bottom  before  the 
auchor  could  be  1  -t  go;  for  to  drop  a  heavy  anchor  and  chain  in  ten  fathoms,  or 
sixty  feet  of  water  and  allow  it  to  bring  up  on  the  windlass,  would  endanger  the 
safety  of  cable,  windlass  or  bows  of  the  ship ;  conseauL'ntly,  sufficient  length  to 
reach  bottom  had  to  be  ranged  forward  of  the  winaliiss  as  a  preliminary  step, 
the  lums  of  the  cable  around  the  windlass  adding  much  to  the  labor.    A  careless 
word  drew  my  thoughts  to  the  matter,  and  in  1850  some  of  the  plans  in  the  illus- 
trations were  presented  to  seafaring  friends,  and  by  them  very  coolly  received ; 
**  What!  Trust  lives  and  such  immense  amounts  of  property  to  cast  iron  gears? 
might  as  well  have  a  glass  windlass.     How  are  you  agoing  to  handle  the  swivels 
ana  shackles,  placed  at  every  fifteen  fathoms  of  cable?  "  said  another.    A  capi- 
talist offered  to  assist  m;*,  if  a  certain  old  sea  captain  approved  of  my  plans; 
they  were  submitted  to  him;  he  was  one  of  the  old  school,  a  regular  old  salt. 
lie  examined  the  plans,  a  model  in  fact,  worked  it,  hove  in  and  let  go  anchor 
for  an  hour;  then  got  up,  came  to  me  and  exclaimed :  **  Well,  I  have  seen  a  good 
many  d— -d  fools,  out  you  seem  to  be  the  biggest  one  of  the  lot.    What  I  do  yon 
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want  to  commit  murder  bj  the  wholeiale,  with  your  d— d  cast  iron  jimcrack? 
Why,  let  a  ship  anchor  in  a  gale,  and  ship  and  crew  would  go  to  h-ll  toother." 
My  capiudist  declined  to  go  mto  the  business.     Finally,  one  was  found  willing  to 
help ;  then  the  objecdon  was  raised  that  the  links  of  cables  varied  in  length 
so  much  that  it  would  be  impossible  to  handle  them  in  the  way  proposed.     My 
plans  were  modified,  and  a  device  designed  and  patented  for  obyiat  ng  the  diffi- 
culty; then  an  owner  was  found  witliog  to  furnish  his  ship  with  chains  of  a  bet- 
ter, make — the  links  being  sufficiently  equal  m  length  to  work  on  the  arubt  or 
chain  wheels  illustrated.     This,  of  course,  rendered  all  of  the  trouble  and 
expense  of  the  special  plan  patented  useless.     A  windlass,  coating  some  eight 
hundred  dollars  was  constructed,  but  before  being  finished  the  ship  owner  niad 
been  frightened  so  that  he  did  not  dare  risk  its  use;  it  was  offered  as  a  gift  to 
Donald  McKay,  Paul  Curtis  and  other  leading  ship  builders  of  Boston,  New 
York  and  other  places.     One  day  while  listlessly  waudering  around,  hoping 
against  hope,  I  met  a  Captain  B.  B.  Forbes,  a  man  who  through  rarious  causes 
had  been  nattered  until  he  had  got  a  high  idea  of  the  value  of  his  own  opinion. 
Timidly  approaching  him  I  asked  if  he  would  be  so  kind  when  passing  by  as  to 
take  a looK  at  my  windlass,  and  ^ve  an  opinion  of  its  merits.     **  What!"  he 
said,  "  that  big  coffee  mill?    I  have  seen  it  and  can  ^ve  my  opinion  now ;  which 
is,  that  it  is  worth  nearlv  a  cent  per  pound  for  old  iron,  less  cost  of  breaking  it 
up  and  carting  it  to  the  foundrv.'^    Alter  months  of  waitinjor  a  place  was  found 
for  it  on  a  large  ship  being  built  at  Kennebuuk  Port,  Me.  (  Wm.  Lord,  Jr.)  When 
the  ship  was  ready  to  sail  the  captain  insisted  that  I  should  go  with  the  ship  to 
St.  John,  N.  B  ,  and  work  the  windlass.     The  tide  there  is  strong  and  the  ship 
had  to  be  moored  in  fiitecn  fathoms  of  water;  we  arrived  an  hour  before  daylight; 
the  morning  dark  and  fo^^gy;   the  port  captain  came  on  board  and  took  charge. 
Some  one  said :  **  Captain,  we  have  a  patent  windlass  and  expect  to  moore 
quick."     *'  The  windlass  ain't  worth  a  daum,**  was  the  repljr-'he  supposing  it 
to  be  an  English  capstan  that  some  one  had  put  upon  a  few  blups.     A  steam  tug 
took  us  to  our  berth,  and  the  order  was  given  to  let  go  starboard  anchor.    In  less 
than  three  minutes  we  were  riding  ^th  forty-five  flEkthoms  of  chain  out;  the 
tug  towed  hard  to  port;  the  starboard  chain  was  eased  away  to  eighty  fathoms ; 
the  port  anchor  was  let  go,  and  in  twenty  minutes  we  were  safely  moored  and 
the  tug  called  alongside  for  the  captain  of  the  port,  who,  before  leaving,  held 
his  lantern  to  my  lace,  grunting  out,  **  d— ned  yankee,  saved  me  half  a  day's 
time."     The  captain  of  the  ship  conj^ratulated  me  as  being  sure  of  having  made 
my  fortune  by  the  invention,    iiut  prejudice  is  not  so  easily  overcome.    To  ask  a 
builder  or  owner  of  a  ship  to  use  one  of  my  windlasses,  was  certain  to  bring 
some  sneer  as  to  whether  I  proposed  to  send  an  engineer  or  machinist  with  it. 
Pilots  and  insurance  agents  were  strongly  opposed  to  it;  after  much  urering  one 
was  placed  upon  the  insurance  agent's  steamer  as  a  g^,  the  old  windlass  to  be 
replaced  if  mine  was  not  liked.     Impecunious  ship  builders,  who  found  it  hard 
to  get  the  old  windlass  upon  credit,  favored  mine,  and  were  ready  to  pay  for  it  in 
large  promises ,  and  it  was  really  through  such  tJiat  it  gained  a  place.     In  time, 
the  better  builders  would  listen,  but  were  still  shy;  an  engineer  was  necessary, 
was  the  cry;  besides, if  they  lost  their  cables  it  was  generally  impossible  to 
replace  them  with  others  of  the  same  length  of  link.     Ijiis  continued  until  the 
convenience  of  the  windlass  had  become  so  apparent  that  commanders  of  ships 
began  to  importune  for  them.    In  the  mean  time,  one  had  been  placed  upon  the 
Pomona,  ship  of  a  thousand  tons,  belonging  to  the  **  Dramatic  Line,"  from  New 
York  to  Liverpool.  As  those  ships  brought  lari;e  numbers  of  immigrants,  I  had 
watched  her  proceedino:s  closely  because  of  what  had  been  said  about  trusting 
lives  and  property  to  the  strength  of  cast  iron  sears.    Suddenly  a  rumor  came 
that  the  Pomona  had  been  lost,  and  that  four  hundred  passengers  bad  gone  down 
in  her;  lifile  was  known,  only  that  she  had  been  wrecked  on  the  coast  of  Ireland. 
It  w&i  two  or  three  weeks  before  particulars  were  received,  and  in  that  lime  it 
seems  as  though  I  never  slept.     Four  hundred  lives  were  more  of  a  responsibil- 
ity than  I  felt  capable  of  carrying  in  peace ;  but  the  time  named  brou^t  relief. 
The  ship  struck  before  there  was  thou>;ht  of  danger.     It  may  as  well  oe  stated 
here,  that  while  I  had  control  of  the  manufacture  of  the  windlass,  no  loss  ever 
occurred  through  its  use ;  on  the  contrary,  ships  were  often  saved  through  the 
immense  strain  that  could  be  brought  to  beur  on  the  cables  when  heaving  them 
off  shore.     In  only  a  single  instance  was  a  tooth  from  a  gear  broken,  and  that 
was  when  two  boat  crews  f^om  a  man-of-war  was  added  to  the  ship's  crew  for 
the  purpose  of  heaving  up  the  anchor,  while  it  was  a-foul  of  the  man-of-war's 
anchor;  both  were  hove  up  together.    The  ments  of  tne  windlass  had  become  so 
well  established  previous  to  1800,  that  I  had  furnished  that  and  other  devices  to 


i65 

tbe  Rnssiaa  and  Egrptiaa  i^vemments;  had  had  orden  from  China,  Spatttt 
Italr,  Bnffland,  Scotland,  and  throo^hont  this  conntnr  whererer  ships  were 
built.    The  followin^r  certificates  will  show  the  change  of  opinion. 

Massachusstts  Chabitablb  ■schavio  Associatiov,  1866L 

BmerMm^  Paftent  Wlndlui,  worked  hj  slow  or  fait  power  br  a  Oapatan  on  the  foreesatle.  llili 
niMshitte  can  perfimn  with  four  men,  the  work  usually  requiring  a  dozen,  and  is  a  valnable  etement 
in  the  aafetjr  of  life  and  property,  more  especially  In  these  days  of  **  ordhMiy  seamen."  To  this 
▼aluble  machine  tiie  Committee  award  a  0M4  Jfeml. 

R.  B.  FORBES,  ") 

JOHN  8.  8LEEPBR,        | 
BENJAMIN  L.  ALLBK,  VCoaMMMsa. 
JOHN  H.  GLIDDON,       | 
ELIA8  B.  DAVIDSON,  J 


Boston,  April  10, 1B0O. 

This  will  eeitiiy  that  after  a  careAil  inspection  of  Emerson's  Patent  Windlass,  together  wtth 
some  acquaintance  with  its  Mrorking  on  the  steamer  B.  B.  Forbes,  we  are  satisfied  that  It  Is  superior 
to  any.modem  Patent  Windlass  that  we  hare  seen.  It  has  great  power  and  can  apparently  be  used 
with  ease  and  saftty< 

CHARLES  PEARSON, ! 
EBENBZEB  DAVIS, 
RICHARD  BAILER, 


BOSTON  PILOTS. 

The  nndersigned,  haTing  known  the  Bmerson  Patent  Windlass  for  several  years,  believe  it  to  bo 
■■perior  to  any  Windlass  in  use.  Its  great  jMwer  or  speed  renders  it  peculiarly  applicable  for  gei- 
Ong  under  way  in  heavy  weather,  or  where  there  is  but  little  room,  and  the  Improved  lever  and 
nippers  render  it  perftet  for  bringing  a  ship  to. 

JACOB  K.  LUNT,        SAMUEL  C.  MABTTN,      JOHN  T.  GARDNER, 
H.  A.  TEWK8BURT,      WM.  F.  TEWKSBUBY,     JONATHAN  BRUCE,  Jr. 
STEPHEN  BURROWS,     WM.  CRISPIN,  P.  H.  CHANDLER, 

ALFRED  NASH.    W.  0.  BAILB7,    ▲.  F.  HATDEN,    ROBERT  KBLLT. 


BoSTOir,  March  S8, 1800. 

Mb.  Emsbsov  >— Recently  at  the  Cape  of  Oood  Hope,  I  had  many  chances  to  test  the  power  of 
your  patent  Windlass.  As  I  had  both  aochora  down  it  was  often  necessary  to  heave  up  to  clear  the 
eiiains,  and  I  have  no  hesitation  in  saying,  that  for  power  or  speed,  or  for  general  convenience,  your 
Windlass  la  flur  superior  to  any  other  uiat  I  have  ever  seen.  JAMBS  HALL, 

Jiatter  of  Bmrk  Wm .  O.  Anderson. 


Ms.  Bmasov  r—I  readily  Join  Captain  Hall  in  speaking  of  the  satisfactorv  working  of  your 
patent  Windlass  on  board  the  Wm.  G.  Anderson,  I  can  say  also,  ttuit  the  Windlass  put  by  you  on 
Um  bark  Ethan  Allen,  has  been  very  severely  tested  (the  bark  having  parted  her  largest  cliain)  and 
has  given  entire  satiirfliction.    I  recommend  them  to  uiip  owners  vritb  great  confidence. 

BosTOJr.  March  28,  IMO.  EDWARD  BOYNTON,  Owner. 


BCFVALO,  December  10th,  1887. 

Captaiv  Jamks  Atcrill.  Dear  Sib: — I  have  used  the  Emerson  Windlass  pnrchased  of  yon 
for  the  barque  Annie  Vongbt  of  Bnflhlo  (one  thousand  tons),  and  have  always  found  it  work  to  my 
entire  satisfaction.  For  strength,  compactness  and  convenience,  it  cannot  be  excelled.  Its  motions 
are  simple  and  positive,  hence  there  is  no  lost  motion ;  it  does  away  entirely  with  the  old  tedious 
way  of  ranging  chain  before  letting  go  anchor.  With  the  Bmerson  Windlass  the  chains  are  always 
ready  for  letting  go,  and  as  a  msttur  of  great  Importance,  can  never  g^t  foul  on  the  windlass,  which 
Is  frequently  tlie  case  with  the  old  style  windlass.  Its  power  is  unlimited.  We  had  occasion  to  use 
oar  best  boweranchot  (.3500  pounds),  with  65  fkthoms  chain  (13-4  bar  link).  It  required  only  one 
man  to  let  go  anchor  and  veer  awav  chftin,  whereas,  with  tlie  old  style  windlass  It  would  require  the 
whole  crew.  And  in  heaving  up,  it  required  only  85  minutes  till  the  anchor  broke  ground,  then  half 
oar  crew  (five  men)  were  sufficient  to  work  the  windlass,  leaving  the  others  flree  to  work  the  yards, 
make  sail,  or  be  wherever  required.  It  is  superior  to  any  windlass  I  have  ever  seen  in  use,  and 
woald  nnfwsltntinfly  recommend  Its  general  adoption  for  large  class  vessels  especially. 

Respectftilly,  JAMES  O.  ORB,  Master  Barque  Annie  Toaght. 


CSoounodore  Stringham  and  Gregory  were  ver^  ftiendly  and  aided  me  in  many 
ways  as  did  several  of  the  naval  coDStructors ;  wiUi  others,  John  Lenthal,  chief  of 
the  boreaii  of  construction  at  the  navy  department ;  but  the  prejudice  was  too 
strong  to  allow  of  the  use  of  my  windlass  on  naval  vessels.  "  If  we  should  lose  a 
chun  in  some  out  of  the  way  port,  we  could  not  replace  it,  perhaps,  with  anything 
near  what  would  be  required.'*  So  I  went  to  woi-k  and  got  up  a  plan  that  would 
take  any  sized  chain,  spending  much  time  and  money  in  doing  it ;  then  carried  it  to 
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the  lUTal  oonstrnctor  who  had  been  the  ttrongeit  in  that  objection.  **  By  George  I 
that  M  simple,  I  dldo't  chink  it  could  be  done;  bat*  after  all,  the  other  plan  is 
best;  a  chain  is  not  often  lost,"  was  his  comment.  8nch  was  the  Mvolons  treat- 
ment experienced  for  years.  Owing  to  the  war,  many  merchant  veMels  haviog 
my  winolass  in  use  were  turned  into  naval  or  war  vessels.  The  following  cer- 
iiacalQ  wUl  show  how  the  windlass  answered  its  purpose : 

U.  8.  8TXAIUB  8O01B  Cabolua,  Oft  Galvistov,  Aoff.  201,  19SL 

8lB  ^-Ia•ooonl•lloe  with  instmotioii*  flrom  Flan  Oflleer  Merrine,  which  direct  me  to  infonn  tbe 
Department  as  to  tlie  merits  of  the  **  Bmenon  Windlass,"  now  in  nse  on  boafd  tliis  Teasel,  I  have 
tiM  honor  to  report  that  it  has  iMen  used  hj  as  eonstantlj  for  the  past  tliree  montiis,  and  that  oar 
opportunities  for  Jadcinif  of  iu  utility  hare  been  amply  soffldent.  We  And  it  certain  and  quick  in  its 
operations,  not  only  in  heavinflr  in,  but  also  in  Tearing ;  it  is  stronir  "Bd  compact,  takings  up  lass 
roomtlum  any  thing  of  the  kind  I  stst  saw.  In  ihct.  it  reduces  the  tedious,  old  fhshionedf  and  1  may 
say,  often  dangerous  way  of  handling  onr  lieaTy  aneaon  snd  claain  cables,  to  the  simple  process  Tin 
heaTingup}  or  walking  around  with  the  capotan,  the  chain  talUng  care  of  itself  as  it  cornea  fa; 
wliile  in  veering,  a  small  '*plug"  is  removed,  leaving  the  wliole  control  of  the  heaviest  chain  in  tlM 
hands  of  one  man,  who  by  the  aid  of  a  "  lever"  on  a  friction  l>and,  manages  it  with  perfect  emam. 
Besides,  it  is  always  read".  I  Imts  been  lying  with  fifteen  fkthoms  of  chain  out,  on  several  occaslona, 
and  have,  without  giTing  iirevioas  notioe  to  any  one,  been  under  weigh  and  steaming  along  at  the 
rate  of  four  knots,  in  five  minatas  after  the  order  was  giTsn  to  man  the  capstan.  It  will  be  seat, 
therefore,  that  the  fiteility  thus  afforded  for  getting  underweigh  is  a  positive  saving  of  fuel  In  a 
blockading  steamer,  for  otherwise,  she  might  deem  necessary,  for  entire  efflciency,  to  keep  nbdar- 
weigh  almost  all  the  time.  Bespectftilly,  I  am  sir,  your  ob't  serv't, 

JAMBS  ALOBN,  Command'g  U.  8.  Steamer  South  Osrollna. 
Hon.  GiDBOir  Wbllbs,  Seeretaiy  U.  8.  Navy,  Washington,  D.  C. 


In  1858  there  was  no  chain  makiae  in  this  country,  onr  cables  aU  being  im- 
ported. The  foUowiug  circular  wm  explain  itself.  The  lengths  named  were 
readily  adopted,  and  I  presume  still  <»ntinue  to  be  the  standara  lengths. 

To  Chain  liANiTPACTURBR»  of  Gbbat  Bbitain.  Gentlemen  :—B^ng 
engaged  in  tho  manufacture  of  Windlasses  which  hold  the  chains  by  the  links 
instead  of  by  a  turn  around  the  windlass,  I  often  find  a  gieat  difference  in  the 
length  of  links  of  the  different  manufacturers'  chains.  This  seriously  affects  the 
working  of  the  windlass,  and  is  sometimes  very  inconvenient  in  replacing  a  lost 
chain.  As  this  kind  of  windlass  and  capstan  is  fast  taking  the  place  of  the 
wooden  windlass,  it  would  be  much  better  to  have  some  regular  length  of  link 
for  each  size  chain.  I  herewith  give  a  graduated  scale  of  lengths  for  different 
sizes,  which  is  very  near  the  same  as  the  scale  of  the  Messrs.  H.  Wood  &  Co.  of 
Liverpool ;  it,  however,  is  a  little  more  even  than  theirs.  The  shackle  is  another 
cause  of  difficulty.  These  should  be  made  so  that  the  inside  of  them,  (hat  is 
from  the  inside  of  the  bolt  to  the  inside  of  the  other  end,  should  be  the  same 
len^h  as  the  inside  of  a  link,  and  then  the  shackle  link  in  the  end  of  the  chain 
which  the  bolt  of  the  shacklejroes  through,  should  be  long  enousrh  to  make  up 
for  the  butt  of  the  shackle.  There  should  be  a  long  link  at  one  end  only,  of  eacn 
piece  of  chain,  which  should  be  for  the  bolt  end  of  the  shackle.  There  should 
idso  be  a  good  swivel  next  the  anchor  shackle  in  all  cases. 

Jambs  Bmb&son. 


Inches.       Stud  Link.       Length. 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 


116 

1.8 

3.16 

1.4 

6.16 

8-8 

7-16 

1.2 

9.16 

6.8 

11.16 
3.4 

13  16 
7.8 

15.16 

1.8 


7 

7 


6  7-8 
6  1.4 
6  1-2 

6  3-4 

7  1-8 
3.8 
3.4 

8  1.8 
8  1.2 

8  7.8 

9  1-4 
9  5-8 

10 

10  1-4 
10  1.2 

10  ZA 

11  1.8 
11  3.4 


Inches       Short  Link. 

1.2 

9-16 

6-8 
11-16 

3-4 
13-16 

7-8 
15.16 


1 
1 
1 
1 
1 


1.16 

1-8 
3-8 
1.4 


Length 

2  3.8 
2  3.4 
8 
3 
3 


1-4 
1-2 
8  7.8 
4  1.8 
3.8 
5.8 


4 
4 
5 
5  3-8 

5  8-4 

6  1-8 


BosTOH.  Angnst,  1868. 


Our  views  correspond  with  the  above. 
Feabino,  Thachkb  &  Co., 

WhiTON,  BbOWKS  &  WHBSLWBIOHTa 
BaxTBB  &  SUMNBB, 
J.  KiCKXBSON  St  Co., 

J.  Bakbb  &  Co., 

Impters  of  Chain  Cables,  Andion,Ae» 
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Thx  AniuoAH  Ship  Windlass  CoiiPAirr. 

The  following  article  copied  from  the  Boston  Commercial  Bulletin  of  Aiurnst 
24, 1878,  will  show  what  has  become  of  my  windlass:  **  The  American  Ship 
Windlass  Company,  of  £*roYidence,  B.  I.,  seems  to  be  a  good  illustration  of  the 
results  which  are  achieved  at  the  present  day  by  division  of  labor,  and  by  the 
devotion  of  all  the  skill  and  capital  of  an  entire  establishment,  as  far  as  practica- 
ble, to  a  sinele  branch  of  manufacture.  The  productions  of  mis  eompany,  com- 
§  rising  windlasses  for  every  size  and  class  of  vessels,  have  attained  a  marked 
egree  of  excellence,  and  at  our  Centennial  Exposition  they  received  the  only 
award  given  for  windlasses  and  capstans. 

The  American  Ship  Windlass  Company  was  established  in  1867  and  incorpor- 
ated in  1860,  and  up  to  the  present  time,  they  have  made  nearly  8000  windlasses. 
John  Boach  &  Son,  of  Chester,  Pa.,  use  their  windlasses  exclusively,  putting 
them  into  all  their  vessels.  Nearly  all  of  the  United  States  revenue  cutters  are 
now  provided  with  them. 

The  company  are  now  building  windlasses  for  vesseLi  which  are  being 
constructed  at  all  of  the  different  points  idong  the  coast  of  Maine,  and  for 
the  steamers  "  Miantooomo,*'  and  **  Puritan,"  which  John  Boach  4  Son  have 
now  in  process  of  construction  at  their  yard,  and  Wm.  Cnunp  &  Sons,  of  Phila- 
delphia, are  puttin^^  in  the  American  Company's  windlasses  upon  the  steamers 
which  ^ey  have  built  for  the  Bussian  Government. 

The  windlasses  of  the  American  Company  are  made  to  be  operated  either  by 
hand,  messenger  chains  or  steam,  and  six  different  kinds  of  windlasses  are  man- 
ufactured for  either  of  these  motors.  The  windlasses  are  also  made  in  eleven  dif- 
ferent sizes,  for  cables  varving  from  yi  inch  to  2}^  inches  in  size;  and  the 
company  are  consequently  able  to  provide  windlasses  for  the  smallest  vachts  as 
well  as  for  the  largest  ships.  Their  works  are  model  ones  and  are  supplied  with 
all  of  the  latest  and  most  improved  machinery  and  other  appliances,  including 
many  tools  specially  designed  and  constructed  for  the  company.  They  are  loca- 
ted on  East  BXrer  Street,  near  the  Bed  Bridge,  and  are  under  the  active 
management  of  Frank  S.  Manton,  agent,  and  George  Metcalf,  treasurer ;  and 
ooe  evidence  of  the  executive  ability  of  the  managers  is  the  perfect  system  which 
pervades  the  establishment  throughout. 

Hydraulic  Mortars  and  Cements. 

Certain  limestones,  which  contain  upward  of  10  per  cent,  silica,  possess  the 
property,  when  burned,  of  forming  a  cement  or  mortar  which  hardens  under 
water.  Such  limestone  is  called  hydraulic  lime,  and  the  mortar  is  called 
hydraulic  mortar.  This  stone,  before  burning,  consists  of  a  mixture  of  carbon- 
ate of  Ume  and  silica,  or  a  silicate,  chiefly  a  silicate  of  {dumina.  The  latter 
is  insoluble  in  hvdrochloic  acid,  hence  remains  undissolved  when  the  stone 
is  treated  with  this  acid,  but  in  burning  this  silicate  is  fluxed  by  the  alka- 
line carbonates  and  becomes  soluble  in  acid,  the  carbonic  acid  being  expelled. 
When  common  lime  is  slacked  it  swells  enormously  and  develops  a  great  deal 
of  heat;  this  is  not  the  case  in  slacking  hydraulic  lime,  which  absorbs  water 
without  any  considerable  increase  of  temperature. 

If  ordinary  lime  be  mixed  with  a  suitable  quantity  of  silica  or  sand,  an  arti- 
ficial hydraulic  mortar  is  obtained,  to  which  we  apply  the  name  of  cement. 
These  cements  ma^  be  either  natural  or  artificial.  The  former  are  found  in  vol- 
canic regions,  having  been  produced  by  the  terrestrial  heat.  Pozzuolana,  found 
at  Pozzuoli,  near  Naples,  is  a  natural  cement  of  the  following  composition: 
SUica,  44*5;  alumina,  15*0;  lime,  8*8;  magnesia,  4*7;  oxide  of  iron,  12*0  (with 
oxide  of  titanium) ;  potash  and  soda,  5*5;  water,  9*3;  total,  lOO'S. 

The  quantity  of  lime,  is,  however,  so  small  that  it  requires  to  be  mixed  with 
ordinary  lime  to  fonn  hydraulic  mortar.  It  was  employed  in  combination  with 
an  equal  quantity  of  lime  in  building  the  Eddystone  Lighthouse. 

Artificial  cement,  also  called  "  £u)man  cement,'*  has  been  manufactured  in 
England  on  the  Thames  and  in  the  Isles  of  Wight  and  Sheppey,  since  1706.  It 
is  made  by  burning  the  calcareous  nodules  which  overlie  the  chalk  in  that 
countiy.  A  sample  analyzed  bv  Michaelis  contained :  lime,  68*38;  magnesia,  6 ; 
silica,  28.83 ;  alumina,  6*40 ;  oxide  iron,  4.80.  When  mixed  with  water  it  hardens 
in  fifteen  or  twenty  minutes,  and  possesses  great  firmness  and  strength. 

Portland  cement  was  patented  in  England  by  Joseph  Aspdin  in  1824.  He 
took  the  limestone  of  Leeds,  pulverized  and  burned  it,  then  mixed  it  with  water 
and  an  equal  weight  of  day  to  a  plastic  mass.    When  dry  this  was  broken  up 
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Mid  biinifld  Agmtn  until  all  the  CMrbonie  add  was  expelled.  It  was  then  pnlrer- 
Ized  and  reac^  for  use.  Pasley  made  it  from  chalk  or  limestone  with  Medwaj 
river  claj,  which  contains  salt.  Pettenkofer  suggests  that  cement  is  improyed 
by  soaking  the  cla^  in  salt  water. 

Portland  cement  is  now  made,  says  Wagner,  by  making  bricks  of  an  intimate 
mixture  of  limestone  and  clay,  drymff  them  in  the  air  and  burning  them  in  a  tidl 
shaft  furnace  from  46  to  100  feet,  12  feet  in  diameter,  with  a  strong  grate  4  feet 
from  the  bottom.  It  is  charged  with  alternate  layers  of  coal  and  cement  stone. 
The  properties  of  the  cement  are  largely  dependent  on  the  temperature  em- 
ployed in  burning ;  a  white  heat  is  best,  but  if  the  temperature  is  too  high  it  will 
no  longer  unite  with  water,  and  may  even  be  melted  to  a  glass.  If  the  tempera* 
ture  does  not  exceed  a  red  heat  it  unites  readily  with  water  and  gets  hot  like 
ordinary  lime,  but  possesses  very  little  strength.  The  color  changes  with  the 
burning  and  forms  a  criterion  for  judging  the  quality.  In  normal  condition  it 
forms  a  gray,  sharp  powder,  with  a  shade  of  green,  but  not  glassy. 

The  manufacture  of  Portland  cement  is  now  carried  on  m  eveiy  part  of  the 
world  where  limestone  and  clay  are  to  be  found.  In  order  to  obtain  a  good 
cement,  not  only  must  the  proper  heat  be  employed  in  burning,  but.  the  proper 
proportion  of  clay,  usually  26  per  cent.,  must  be  used,  and  the  clay  must  have 
certain  properties,  such  as  a  laige  proportion  of  silica,  must  be  very  finely 
divided,  and  must  be  vei^  intimately  mixed  with  the  limestone.  Analysis  of 
Portland  cement  from  various  sources  show  the  percentage  of  lime  to  vary  from 
66  to  62;  silica,  23  to  86 ;  alumina«  6  to  0 ;  oxide  of  iron,  2  to  6 ;  soda  and  potash, 
usually  less  than  1  per  cent. 

Horse  Power  and  other  Matters. 


When  Watt  hegva.  to  introduce  his  steam-engines,  he  wished  to  be  able  to 
state  their  power  as  compared  with  that  of  horses,  which  were  then  generally 
employed  for  driving  mills.  He  accordingly  made  a  series  of  experiments, 
which  led  him  t<i  the  conclusion  that  the  average  power  of  a  horse  was  sufficient 
to  raise  about  33,000  lbs.  one  foot  in  vertical  height  per  minute,  and  this  has  been 
adopted  iu  England  and  this  countrv  as  the  general  measure  of  power. 

A  waterfall  has  one-horse  power  for  every  33,000  lbs.  of  water  flowing  in  the 
stream  per  minute,  for  each  foot  of  fall.  To  compute  the  power  of  stream,  there- 
fore, multiply  the  area  of  its  cross  section  in  feet  by  the  velocity  in  feet  per  min- 
ute, and  wo  have  the  number  of  cubic  feet  flowing  along  the  srream  per  minute. 
Multiply  this  by^  62^,  the  number  of  pounds  in  a  cubic  foot  of  water,  and  this  bv 
the  vertical  fall  in  feet,  and  we  have  the  fout-pounds  per  minute  of  the  fiEdl;divia- 
ing  by  33,000,  gives  us  the  horse-power. 

For  example :  a  stream  flows  through  a  flume  10  feet  wide,  and  the  depth  of  the 
water  is  4  feet;  the  area  of  the  cross  section  will  be  40  feet.  The  velocity  is  160 
feet  per  minute— 40xl50=6000=the  cubic  feet  of  water  flowing  per  minute.  The 
fall  is  10  feet;  10x375,000=:3,750,000=the  foot-pounds  of  the  waterfall.  Divide 
3,750,000  by  33,000,  and  we  have  113.03  h.  p.,  as  the  power  of  the  fall. 

The  power  of  a  steam-en^ne  is  calculated  by  multiplying  together  the  area  of 
the  piston  iu  inche'i,  the  mean  pressure  in  pounds  per  square  inch,  the  leuf^th  of 
the  stroke  in  feet,  and  the  number  of  strokes  per  minute,  and  dividing  by  33,000. 

Water-wheels  yield  from  60  to  91  per  cent,  of  the  water.  The  actual  power  of 
a  steam-engine  is  less  than  the  indicated  power,  owing  to  a  loss  from  friction;  the 
amount  of  this  loss  varies  with  the  arrangement  of  the  engine  and  the  perfection 
of  the  workmanship. 

To  compute  the  number  of  teeth  in  a  pinion  to  have  any  ^ven  velocity.  Multi- 
ply the  velocity  or  number  of  revolutions  of  the  driver  by  its  number  of  teeth  or 
Its  diamet»r,  and  divide  the  product  by  the  desired  number  of  revolutions  of  the 
pinion  or  driven. 

To  compute  the  diameter  of  a  pinion,  when  the  diameter  of  driver  and  the 
number  of  teeth  in  driver  and  pinion  are  ^:iyen.  Multiply  the  diameter  of  driver 
by  the  number  of  teeth  in  the  pinion,  and  divide  the  product  bj  the  number  of 
teeth  in  the  driver,  and  the  quotient  will  be  the  diameter  of  pinion. 

To  compute  the  number  of  revolutions  of  a  pinion  or  driven,  when  the^  number 
of  revolutions  of  driver  and  the  diameter  or  the  number  of  teeth  of  driver  and 
driven  are  given.  Multiply  the  number  of  revolutions  of  driver  by  its  number  of 
teeth  or  its  diameter,  and  divide  the  product  by  the  number  of  teeth  or  the 
diameter  of  the  driven. 

To  ascertain  the  number  of  revolutions  of  a  driver,  when  the  revolutions  of 
driven  and  teeth  or  diameter  of  driver  and  driven  are  given.  Multiply  the  nuni- 
her  of  teeth  or  the  diameter  of  driven  by  its  revolution!,  and  divide  the  product 
by  the  number  of  teeth  or  the  diameter  of  the  driver. 
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WHIT  IS  POETRY  1 

The  best  explanation  that  oooun  to  me  may  be  found  in  Paine*8  Age  of  Rea- 
son; but  what  seems  poetry  to  one  may  seem  trash  to  another,  llie  gloomy 
Puritan  liked  that  of  the  "  tiark  from  the  tombs  "  order,  while  the  unper- 
verted  nature  admires  something  more  human. 

Popularity  has  much  to  do  wiw  the  average  taste  in  poetry  as  it  has  with 
dress. 

We  often  see  in  some  standard  print  an  essav,  say  by  Jonathan  Dubkini, 
bursting  vrith  admiration  for  the  versatility  of  Shakespeare's  works,  or  of  the 
intense  beauty  of  Milton's  Paradise  Lost;  but  it  is  rare  to  find  a  copy  of  either 
that  seems  much  worn,  while  the  popular  seal  skin  cloak  or  an  imitation  may 
be  seen  upon  the  form  of  every  eirl  or  woman  that  can  procure  it,  from  which 
fact  it  would  almost  seem  that  ttie  pretense  of  admiration  for  thoi^e  autbors  is 
less  than  claimed,  and  that  the  purpose  of  such  essays  is  more  to  display  the 
greatness  of  the  Dubkinses  than  those  written  of. 

For  myself,  admiration  for  poetry  only  comes  as  it  touches  my  feelings,  and 
it  may  be  found  in  prose  as  well  as  in  verse;  much  of  the  book  of  Job  seems 
poetry  to  me.  I  would  sooner  be  the  author  of  Pope's  Essay  on  Man,  than 
of  any  other  English  work,  because  I  believe  it  to  be  an  inspiration  from  a 
higher  source,  as  I  also  do  of  Uncle  Tom's  Cabin. 

Kinety-niue  per  cent,  of  the  pretended  admiration  for  Sliakespeare,  Tenny- 
son, and  many  other  popular  heroes,  may  justly  be  attributed  to  pure  flunky- 
ism.  It  is  true  that  many  popular  sayings  may  be  found  in  works  of  Sbakes- 
peare,  and  equally  true  that  the  same  may  be  found  in  works  written  two 
thousand  years  ago.  The  Comedy  of  Errors  is  taken  in  the  lump  from  Plan- 
tns  Comedies,  the  two  Dromios  being  added  to  bring  it  down  to  an  Englishman's 
idea  of  humor.  There  may  be  immense  invention  in  his  works,  but  such  have 
not  caught  my  attention. 

**  'Tis  not  so  deep  as  a  well,  nor  so  wide  as  a  church  door ;  but  'tis  enough, 
'twill  serve :  ask  for  me  to-morrow,  and  you  shall  find  me  a  grave  man  ** 
may  be  witty,  but  certainly  is  not  common  with  those  wounded  ^  the  deatn, 
any  more  than  it  is  for  those  in  deep  sorrow,  as  were  Juliet  and  her  nurse,  to 
make  puns,  and  dirty  puns  at  that. 

The  author  of  a  dime  novel  would  scorn  the  conception  of  such  wretched 
stuff  as  makes  up  the  Taming  of  a  Shrew. 

Ijavinia,  in  Titus  Andronicns,  is  certainly  a  marvelous  creation.  A  young 
lady  of  our  time  having  her  tongue  cut  out  and  hands  cut  off  would  feel  sick, 
to  say  the  least;  not  so  with  Shakespeare's  maiden,  "Good  uncle  Aiarcut,  see 
how  9w\ft  the  comet ! " 

Shylock  has  been  a  butt  for  general  execration,  but  in  excuse  it  should  be 
borne  in  mind  that  for  centuries  his  people  had,  througb  superstitious 
prejudice,  been  treated  worse  than  the  dogs  of  the  street,  and  it  is  hardly  to 
be  wondered  at  that  he  turned  upon  one  of  his  oppressors.  The  sagacity  of 
Portia  was  not  phenomenal* 


LISLE  THREAD. 

Lisle  thread  proper  is  prepared  from  pure  oo^fon— the  finest  staple  that  can 
be  had,  the  best  qualitv  of  Sea  Island  being  generally  used.  However,  of  late 
years  it  has  been  found  by  observation  and  experience  that  the  softness  and 
pliability  necessary  to  the  easy  and  safe  working  of  this  yarn  or  thread  in 
hosiery  and  glove  frame,  as  well  as  in  the  machinery  making  fine  imitation 
laces  of  it,  are  best  secured  by  the  use  of  South  American  (Pernambuco)  cotton, 
the  latter  being  less  harsh,  softer,  more  elastic  and  regular  in  fiber,  as  well  as 
being  very  fine  in  quality.  The  peculiarity  of  this  thread,  says  the  EconomitU 
is  its  hard  finish  and  the  peculiar  twist  or  manipulations  which  it  undergoes 
before  being  ready  for  use.  Each  thread  or  strnnd  passes  through  a  flame, 
which  divests  it  of  all  attaching  fiber.  This  thread  is  also  more  elastic  than 
the  finest  linen  thread  and  breaks  less,  it  filso  gives  the  finished  article  a 
more  brilliant  appearance,  and  is  less  costly  than  the  latter.  It  derives  its 
name  from  IJsle,  a  town  in  France,  where  it  was  first  manufactured  to  a  large 
extent,  and,  like  many  of  the  industrial  arts,  was  originally  brought  from  the 
East.    It  is  now  not  only  extensively  produced  in  France,  Belgium,  and  in 
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other  porttoDf  of  Ck>Btinental  Europe,  hot  in  Great  Britain  as  well,  and  Ib 
■ometumea  called  "  Scotch  thread.'*^  when  made  in  tiiat  conntnr,  in  oontrar 
distinction  to  that  made  on  the  Continent.  It  is  not  only  used  largely  for 
gloTCB,  hosiery,  and  trimmings,  bnt  alsoqnite  extensively  in  the  manufacture 
of  imitation  laces,  embroideries,  etc.  we  belieye  some  few  years  aso  a  suit 
was  before  the  United  States  court  of  this  district,  which  involved  tne  ques- 
tion of  what  constituted  Lisle  thread  gloves,  and  was  decided  in  favor  of  the 
importer,  who  proved  that  Lisle  thr^ul  proper  was  made  of  the  purest  and 
finest  ootton,  and  not  of  flax,  as  some  maintained  who  had  not  investigated 
the  subject  of  its  manufacture.  As  far  as  we  can  learn,  none  of  this  thread 
is  made  in  this  oountry,  although  we  understand  attempts  have  been  made  to 
manufacture  it,  but  from  the  cost  and  light  demand  prevailing  were  aban- 
doned. The  imports  of  it  are  also  light,  being  confined  chiefly  to  a  few  of  our 
hosiery  manufacturers. 

ICnpassant  it  may  not  be  amiss  to  state  that  all  the  dictionaries  fall  to  give 
a  definition  of  the  word  "  Lisle,"  which  is  not  in  reality  the  proper  word 
after  all,  but  a  corruption  of  L*Isle,  Ryssel.  in  the  French  Netnerlands 
(called  the  island,  from  its  standing  in  a  kind  oi  lake  formerly ;  but  the  waters 
are  now  drained  oif),  situated  in  east  longitude  3^,  latitude  SO^'  42^^on  the  river 
Deule,  twenty-five  miles  north  of  Arras,  and  twelve  miles  from  Toumay.  It 
is  a  large,  populous  citv,  the  capitid  of  French  Flanders,  beautifull  v  buUt, 
and  was  once  strongly  fortified.  It  has  been  noted  for  its  silk  manufacture, 
and  fine  linen  or  cambric,  which  have  been  made  to  greatperfeotion  there,  as 
well  aa  for  its  camlets,  wnich  are  mueh  admired. 


PBOTECTITE  TIBIFF. 

Of  all  the  fallacies  that  ever  became  embedded  in  the  brain  of  an  intelligent 
people,  none  was  ever  greater  than  tiie  idea  that  high  protective  duties  will 
permanently  help  the  manufactrurer  and  employee.  In  all  highly  protected 
countries,  wages  are  low  and  manufactures  primitive.  We  at  times  see  chil- 
dren phenomenally  precocious  in  growth  or  intellect,  but  such  usuidly  die 
Jroung  or  shrink  below  the  average ;  so  of  manufactures,  if  the  profits  are 
arge,  home  competition  keeps  pace,  each  tries  to  produce  at  tiie  least  cost 
without  regard  to  real  quality  so  long  as  shoddy  can  be  made  to  appear  fair 
on  the  suixace. 

Combinations  are  formed  by  which  the  lowest  class  of  help  ean  be  brought 
in  to  compete  with  our  native  employees.  Through  this  combination  workmen 
are  transported  from  Bremen  or  Liverpool  to  Chtoago,  for  ten  dollars.  Invent- 
ors, who  have  done  so  much  in  advancing  the  country's  prosperity,  have 
little  chance  comparatively  under  such  conditions.  Manufacturers  will  not 
bother  with  new  devices  while  their  profits  are  from  twenty-five  to  a  hundred 

Ser  cent.  Necessity  is  the  mother  of  invention.  Free  competition  is  pro- 
uctive  of  elf  orts  to  excel  in  devices  that  enable  the  production  of  the  best 
goods  at  the  lowest  cost.  If  protection  is  riffht  for  the  manufacturer,  then 
the  employee  should  be  protected  by  a  high  duty  on  imported  labor. 


HBE  ESCAPES. 

constant  travel  with  its  concomitant  hotel  experience  has  brought  me 
into  proximity  with  many  styles  of  fire  escapes,  but  the  only  kind  I  oelieve 
to  be  reliable  are  the  balconies  or  towers  with  fixed  iron  stairways ;  but  such 
stairways  should  never  be  placed  against  windows  through  which  the  fire 
from  the  inside  can  flash  out  upon  them.  I  think  where  there  are  adjoining 
buildings  of  the  same  height  it  will  always  be  well  to  have  stairs  from  the 
opper  stories  of  hotels  and  manufactories  lead  upwards  to  walks  leading 
along  the  roof  to  the  other  buildings  for  the  employees  to  escape  upon. 
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TID£  POWEB. 

Tide  power  once  quite  common  in  this  country  when  land  and 
space  was  of  little  account  is  now  hardly  known  though  often  called 
to  mind  by  the  various  trade  papers. 

It  has  seemed  to  me  that  where  the  rise  and  fall  of  the  tides  is 
considerable  large  tanks  as  weights  might  be  made  to  develop  con- 
venient power  for  light  manufacturing  purposes  at  little  expense  if 
properly  suspended. 

MEDDLING  WITH  THE  MAILS. 

I  think  up  to  the  time  of  Postmaster-General  Holt  the  mails  had  been  con- 
sidered sacred,  to  be  nsed  by  all  unquestioned.  Slavery  had  then  become  ram- 
pant and  a  demand  was  made  that  all  matter  inimical  to  that  barbarism  should 
be  searched  for  and  excluded;  a  subseryient  I<{orth  yielded.  Since  then 
Anthony  Conutock  in  the  interest  of  a  hierarchy,  a  twin  barbarism,  has 
insisted  upon  deciding  what  shall  and  shall  not  be  excluded.  Suppose  some 
intelligent  person  should  insist,  as  well  mieht  be  done,  that  the  Bible,  Shakes- 
peare's works,  and  plenty  others  should  be  excluded.  There  could  only  be 
another  travesty  of  trial,  as  in  the  Qeorge  Francis  Train  case,  or  the  Bible 
and  many  popular  works  would  have  to  go.  Who  is  to  say  where  the  ezdit- 
sion  is  to  stop  ? 

The  better  way  is  to  follow  the  Creator,  serve  all  alike  and  allow  no  med- 
dling whatever  with  the  mails. 

Before  trying  to  purify  the  world  by  law,  first  purify  the  law,  so  that  it 
may  not  be  necessary  for  a  coterie  of  old  grannies  at  Washington,  four  years 
behind  their  work,  to  brood  over  the  decisions  of  Alfred  the  Qreat  or  Edward 
the  Little  in  order  to  ascertain  whether  John  Doe  or  Richard  Hoe  owns  a 
stray  jackass. 

Blot  out  all  laws  once  in  twenty  years,  re-enact  the  few  necessary,  then 
select  judges  from  the  most  intelligent  men  or  women,  never  from  lawyers. 
Make  the  law  conform  to  the  right;  faugh  !  law  and  plows  of  Edward's  time. 

CHOOSING  ALL  OFFICIALS  BT  THE  PEOPLE. 

Members  of  Congress  are  chosen  and  paid  for  doing  certain  specific  duties. 
Why  are  they  allowed  to  spend  so  much  time  electioneering  for  themselves 
and  others,  and  what  business  have  they  to  meddle  with  appointments? 
What  right  has  a  president  or  other  official  to  appoint  to  an  important  ofiice 
one  who  has  been  rejected  by  his  own  constituents?  We  have  ten  officials 
where  one  would  be  better,  and  nominally  the  highest  are  selected  because 
they  can  be  used  rather  than  for  their  ability— fourth  rate  men.  Who  can 
remember  who  was  governor  of  this  state  three  years  since  ? 

Why  not  elect  all  officials,  from  president  down,  directly  by  the  people, 
elect  yearly,  have  but  few,  and  make  those  responsible?  Have  it  understood 
that  such  officials  are  really  servants  instead  of  masters.  Eschew  lawyers 
generally,  take  business  men,  but  for  merit.  Allow  no  official  consecutive 
re-election,  high  or  low. 

UNDESIRABLE  NAMES  AND  FLUNKIISH 

TITLES. 

Owing  to  fanaticism,  predilection,  interested  motive,  or  lack  of  taste, 
parents  often  load  children  down  witn  names  that  prove  an  incubus  through 
life ;  as  such  children  become  legally  responsible  at  a  fixed  age,  why  not  at 
that  time  make  it  customary  for  children  to  select  names  to  suit?  Think  of 
being  loaded  down  with  Peleg,  Ichabod,  Nehemiah,  etc..  etc. 

Why  has  the  publication  of  a  newspaper  become  so  low  a  business  that  the 
editor  now  prefers  to  be  called  colonel  rather  than  editor  ? 

Why  does  any  man  of  brains  desire  to  be  known  by  any  prefix  or  suffix  to 
his  name  ? 

Think  of  Mr.  Washington,  Abraham  Lincoln,  Esq.  or  Ph.D^  Prof.  Benja- 
min Franklin,  Royal  Lightning  Catcher  to  her  Majesty,  etc.  It  would  seem 
tibAt  the  smaller  the  mind  the  greater  the  desire  for  titles. 
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IDULTEBATIONS  AND  SHORT  MEASUBES. 

Adulteration  of  almost  every  oommodity  sold  is  now  so  general  as  to 
hardly  cause  comment.  The  same  is  the  case  with  goods  solaby  the  piece 
as  so  many  yards,  or  so  many  articles  in  packages. 

'Why  not  make  a  law  to  conflscate  all  such  goods  wherever  foand  7 

THE  BEFUBLICIN  PABTT. 

As  I  have  never  desired  office  my  vote  has  inyariably  been  east  for  what  to 
me  has  seemed  to  be  for  the  best  result. 

I  voted  for  Fremont,  and  for  Lincoln  twice,  and  still  believe  that  the  latter 
was  the  best  man  ever  elected  to  the  presidency.  The  abolition  of  slavery 
was  caused  by  the  spontaneous  rising  of  the  masses  to  blot  out  an  institution 
of  such  barbarism,  i^ominally  it  was  done  as  the  Republican  party,  but  men  of 
all  parties  united  for  that  purpose,  then  withdrew  as  it  was  accomplished ;  it 
was  then  the  residuum  crystallized  into  the  real  Republican  party,  a  parlnr  for 
power  and  plunder.  Its  earpet-bag  governments  were  the  reproacn  of  the 
oivilised  world.  * 

The  North  was  quite  as  much  to  blame  for  the  rebellion  as  was  the  South, 
and  the  settlement  should  have  been  magnanimous  and  universal,  instead  of 
which  the  small  minded  leaders  made  heroes  of  Jeff  Davis  and  others. 
Qrant  was  nominated  for  president,  not  because  the  party  believed  him  a 
hero,  statesman,  or  republican,  but  because  the  leaders  expected  to  ride  into 
power  on  his  popularity.  And  here  it  may  be  stated  that  a  great  wrong  has 
been  done  to  the  earlier  generals  who  really  took  the  brunt  of  the  fighting,  in 

gving  so  much  credit  to  Grant  and  Sherman,  but  it  is  a  fact  worthy  of  notice 
lat  their  greatest  eulogists  now  were  called  copper-heads  during  tlie  war. 
From  the  beginning  the  party  has  been  honey-combed  with  corruption  up  to 
the  present  time.  Ito  carpet-bag  governments,  Its  stealing  of  the  presidency, 
its  outrageous  pension  acts  for  selfish  influence,  its  gerrymandering  of  con- 
gressional districts,  its  favoring  of  monopolies,  its  numerous  commissions  for 
the  centralization  of  power,  the  giving  of  a  cabinet  office  as  a  reward  for  a 
corruption  fund,  its  unseating  of  memters  and  admissions  of  unpeopled  states 
for  party  purpose  regardless  of.  honor,  honesty,  or  the  country's  welfare,  show 
that  the  party  is  under  the  control  of  a  class  unworthy  of  respect.  The  selfish, 
downward  tendency  of  the  party  is  well  represented  by  its  known  men. 

Henry  Wilson  went  first  for  Henry  Wilson,  then  for  the  Republican  party, 
leaving  as  residuary  legatee  the  country.  Oeorge  D.  Robinson  goes  first  for 
George  D.  Robinson,  second  for  George  D.  Robinson,  and  as  residuary 
legatee.  George  D.  Robinson. 

May  the  shadow  of  the  Republican  party  become  less  and  a  better  take  its 
place. 

THE  NOBTH  POLE. 

As  some  years  have  passed  since  anv  expedition  has  been  sent  out  to  look 
for  that  long-sought  but  yet  unreached  place,  it  is  likely  some  ambitious  coun- 
try, insitituuon,  or  person  will  soon  be  urging  the  matter  upon  the  notice  of 
the  public,  and  I  will  suggest  a  plan  that  to  me  has  long  seemed  practicable. 

It  is  to  construct  fifty  nouses  of  light,  non-conducting  but  strong  material, 
to  be  sent  in  parts  in  sfdps,  as  far  north  as  possible,  to  be  put  together  on  the 
ice  and  placed  upon  runners.  The  ice  there  is  undoubtedly  rough,  but  boats 
with  few  hands,  and  those  in  feeble  condition,  have  been  moved  long  dia- 
tances.  Sledges  for  the  transportation  of  coal,  food,  clothing,  bedding,  and  oil 
for  lights  should  be  provided  in  plenty,  with  plenty  of  men  to  handle  them. 
A  house  accompanied  by  the  sledges  should  be  started,  and  continue  north, 
then  return  to  repeat  the  operation.  Several  gangs  should  be  employed  so 
as  to  work  and  rest  alternately ;  stations  twenty  miles  apart  would  insure 
relief  and  safety  and  give  confidence.  I  believe  road  engines  might  be  made 
to  do  the  leveling  of  rough  ice,  and  drawing  the  houses  and  sledges. 

Of  course  this  would  require  a  million  or  more  of  dollars,  but  there  are 
plenty  of  men  in  the  country  that  could  easily  furnish  all  the  necessary  cash 
and  not  mind  it,  or  the  country  could  easily  do  it.  If  younger,  such  a  job 
would  suit  me  to  a  dot.  Who  of  our  millionahres  will  undertake  it  instead 
of  endowing  some  college  of  which  we  already  have  more  than  are  needed  ? 
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EVOLUTION. 

Evolution  is  an  idea  as  old  as  history  and  was  well  considered  in 
Chambers'  "  Vestiges  of  Creation  "  long  before  Darwin  rode  the 
hobby.  That  man  evoluted  from  the  monkey  is  an  old  idea  and 
one  of  the  earliest  that  I  can  remember  to  have  heard  expressed, 
uttered  by  a  hard-shell  Baptist  minister  who  cobbled  shoes  week 
days  and  preached  Sundays  under  the  inspiration  of  rum  and 
molasses. 

"  The  survival  of  the  fittest,"  good  in  itself,  ofEers  no  proof  of 
evolution  though  it  may  of  progression. 

The  moUusk  of  the  earliest  times  is  the  moUusk  of  to-day.  The 
old  idea  that  man  contains  the  pith  of  every  previous  product  is 
perhaps  correct,  and  to  me  it  seems  reasonable  tiiat  the  spirit  or 
germ  of  life  may  evolute  step  by  step  from  the  lowest  to  the  high- 
est, also  that  man  may  so  stultify  his  intellect  that  at  the  change 
called  death  his  spirit  will  naturally  gravitate  to  the  body  of  a  flea 
in  order  to  find  a  suitable  home.  As  for  physical  evolution  it  will 
be  time  to  believe  in  that  when  a  single  instance  in  proof  can  be 
offered. 

Progression  will  be  more  rapid  when  the  brawling  multitude 
that  think  but  little  yet  invariably  condemn  everything  out  of  the 
ordinary  rut,  think  more  and  object  only  from  conviction,  and 
less  credit  is  given  to  those  who  brood  upon  eggs  that  never  hatch. 
What  good  ever  came  from  the  brooding  of  an  old  monk  sitting 
in  a  dark  cell  or  cave,  or  a  dervish  sitting  upon  the  top  of  a  column  ? 
Thought,  like  steam  heat,  to  be  useful  requires  ventilation.  There 
are  plenty  who  thus  sit  and  brood,  look  profoundly  wise  and  think 
that  they  think. 

The  prefix  of  professor,  or  any  title  added  to  a  name,  is  more 
than  likely  to  be  the  reverse  of  a  guarantee  of  ability. 


DIET. 

As  it  was  a  rule  in  ancient  times  for  those  who  had  been  sick  to 
publicly  state  how  they  had  been  cured  that  others  might  benefit 
thereby,  I  will  state  how  for  nearly  a  half  century  I  have  lived  with- 
out being  sick. 

First,  my  diet  has  always  been  spare,  at  the  same  time  I  have 
invariably  eaten  anything  that  I  have  desired  and  at  any  time  with- 
out any  regard  to  regular  hours,  often  at  midnight  or  later  if  rest- 
less ;  a  piece  of  mince  pie  or  a  biscuit  well  buttered  soon  brings  sleep 
to  me.  Very  little  meat,  pork  never,  raised  bread  is  an  abomina- 
tion to  me.  Hot  biscuit,  hot  doughnuts,  pies  of  all  kinds,  puddings, 
strawberry  short  cakes,  buckwheats,  fruit,  and  a  few  of  the  ordi- 
nary vegetables  constitute  my  ordinary  meals,  with  hot  tea  or 
coffee,  no  liauor,  beer,  or  tobacco  in  any  form. 

Think  of  firing  a  boiler  three  times  a  day  instead  of  as  required. 
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Notes  on  Water  Flow,  &c. 


NOTB  FiBST. 


Water,  like  all  otner  bodies  when  in  motion,  dislikes  to  change  the  direction  of 
that  motion  and  this  resistance  to  change  increases  with  the  square  of  its  velocity. 
For  instance,  to  turn  a  quarter  circle  m  a  pipe  which  is  bent  on  a  circle  of  tin 
times  its  own  diameter,  requires  additional  force  or  "head";  when  the  wati'r 
moyes  but  one  foot  per  second ;  tbis  additional  head  is  but  the  one-thousandth  of 
a  foot,  but  at  a  velocity  of  teu  feet  per  seoond  the  resistance  is  one-tenth  of  a  foot 
lic-ad  (100  times  as  much),  this  is  an  easier  bend  than  is  generally  found  in  mill 
work ;  when  the  circle  is  '24  times  the  diameter  of  the  pipe  this  resistance  is  double ; 
and  here  begins  the  heavier  resistance,  for  from  this  to  turning  a  square  corner 
it  has  increased  to  16  times  that  first  noted ;  and  as  will  be  easily  seen,  in  the  case 
of  short  turns  with  high  velocity,  destroys  much  of  its  power. 

One  of  the  commonest  and  easiest  turns  which  we  see  given  to  water  is  in  the 
scroll  of  an  ordinary  wooden  wheel,  bupposing  this  scroll  to  be  72  inches  in  diam- 
eter with  a  12-in«  h  spout  leading  to  it ;  that  is,  the  diameter  of  the  scroll  is  6  times 
that  of  the  spout  aud  the  velocity  of  water  25  feet  per  second (^10  feet  head) .  To 
maintain  this  velocity  requires  an  additional  head  of  2^  feet,  but  as  this  loss  is 
hidden  by  the  reduced  velocity  of  the  water  caused  by  its  impact  on  the  backets, 
and  also  rapidly  throws  less  with  its  reduced  velocity  as  shown  in  the  first  part  of 
the  note,  it  is  very  generally  ignored  and  sometimes  denied  altogether. 

NOTB  Sbcond. 

As  a  corollary  of  note  1st  we  see  that  as  an  abrupt  chan^  of  direction  requires 
power  to  overcome,  the  less  we  have  of  it  in  the  chutes  which  admit  water  to  the 
wheel,  the  better,  as  any  force  expended  h  -re  is  so  much  taken  from  the  amount 
which  can  reach  the  wheel;  while  changing  the  direction  of  the  water  by  the 
form  of  the  wheel  itselfi  is  applying  this  force  where  it  does  its  work. 

NoTB  Thibd. 

Loss  of  head  from  insufficient  conduit.  Water  wheel  builders  lay  great  stress  on 
this  and  {generally  give  rather  exairgerated  views.  The  error  is  nn  the  safe  side, 
aud  when  pi'acticable  it  is  well  to  follow  their  suggostious.  It  sometimes  becomes 
necessary,  however,  to  use  trunks  for  supplying  wheels  which  from  original  con- 
struction or  want  of  room  have  less  size  than  would  be  desired.  It  therefore 
becomes  necessary  to  know  what  this  loss  is.  Here  comes  the  mooted  question, 
whether  this  loss  is  that  due  to  the  head  necessary  to  produce  the  required  veloc- 
ity or  only  that  necessary  to  maintain  this  velocity  in  the  conduit.  Without  enter> 
ing  into  the  arguments  on  the  subject,  some  of  which  are  rather  more  curious 
than  useful,  it  is  sufficient  to  say  that  but  little  if  any  loss  is  found  to  exist,  except 
that  due  to  the  frictioual  resistance  of  the  conduit,  and  this  is  measurable. 

The  foUowinsT  table,  abridged  from  *'  Beardman's   Manual  of  Hydrology, 
covers  most  of  the  cases  required  in  ordinary  practice. 

Table  of  slope  or  fall  in  feet,  and  cubic  feet  discharged  by  pipe  running  fiill. 
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foot  in  52S. 
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184 

580 
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820 

345 

1.085 

522 

206 

1.013 

292 

1.432 

386 

1.895 

584 

226 

1.598 

319 

2.259 

423 

2.989 

638 

244 

2.350 

345 

3.321 

467 

4.395 

690 

261 

3.281 

369 

4.637 

488 

6.137 

738 

276 

4.403 

391 

6.223 

518 

8.237 

782 

291 

5.731 

412 

8.100 

546 

10.720 

824 

>  «> 


310 

798 

1.640 

2.864 

4.518 

6.642 

9.274 

12.446 

16.200 


From  this  table  the  mill  owner  can  find  what  he  can  do  with  different  sized 
conduits;  making  these  square  instead  of  round  would  be  an  ample  allowance  in 
size  for  roughness  or  irregularity  of  construction. 

6.  W.  PBAB0ON8,  C,  B. 
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Oord  BettinfT  Uactune. 

Manufacttma  by  Samvel  W.  Ktnl,  Warceter,  Matt. 
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III*  olhen  fur  superior,  for  Ibe  curd  inkcliiDe  is  a  combinsllcD  of  sevrnl 

ite' devices.    Asidefrom  tiie  devLcefor  cuiMuf    -*  '       - 

■      -  ■  mllvnf  afrecf . , 


(or  cuttiue  nnd  iKiidiniF  Uie  wire  to 
rof  a&cJcli ' •--  -"■ 


li.tlie  DIher  uwveniema  are  mostly  of  a&cd  diimcter.  but  the  a^ji 
>iK^„ii  .rfc  so  numerou)  Hint  » iniud  of  great  orKHnizlng,  rulier  tLan  inventi. 
ability,  WAS  required  to  brlug  Iliem  iulo  barmonlous  ourrBIloD.  Ainoa  Wlilni 
tt-.„\.^^~.  »f...     .i....insj  ibe  pateatfor  tte  machine,  but Eleazii 


;miih,  of  Walpole,  Mbbh.,  claimed  to  be  the  iuT 
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Noble's  Wool  Comb. 

Jlidnt/acAind  bv  Jo^n  Gnttliy  it  Svat,  BcH/Ikc.  Jlngland. 


Woolen  Manufeicture. 

"Hie  production  of  waul  and  nutnuriicture  of  noolcD  goodo  coiudtute  Ul  <^, 

Bcrnaps  (he  oldtwt,  indiiBti^  ciurlerl  on  unong  iu.  The  lhbL«]  ecArch  hy  Jiwon 
ir  (be  golden  tleiax  of  CSilchig  typlBrs  tbie  oateem  of  tiio  idqcdH  fbr  wool. 
WbcTBTirwn  niru,  in  uoTod  or  pn&ne  falitarri  we  find  (lu  lamb  the  STmbol  for 
lenderaew,  >nd  wool,  (lie  cherlnoed  product  of  the  aheep,  alvHyi  higEly  prised 
by  ibMi.  Wild  sheep  sre  foniid  evcrywhoru,  but  all  dumeadc  brcede  are  derived 
from  the  Adatio  variety,  which  wss  developed  from  the  araah,  or  big  horn  of 
Sberiu.  OriEioally,  all  were  corercd  nitli  loni  lioir.  ntid  wool  beneath ;  the  bidr 
L:u  becu  bred  out,  but,  appcBn  when  the  niOinal  !■  neglected.    The  mcHno  b 

■Dcuia  judge  or  ins[>cctoc  of  the  tranthumatii:e  (pnstnre-chtuiging)  flocks.    Uc- 
rinn,  the  aOjcctiye,  nionus  wandering  or  llie  pnatiire-cbanjlng  and  best  chosen 
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selected,  and  also  by  which  they  were  managed  and  developed.  It  is  the  treas- 
ury of  fine  fibre  for  all  varieties,  and  was  introduced  here  in  1801-12.  The  Saxon , 
the  finest  variety,  is  too  delicate  for  common  use.  Merino  furnishes  the  best 
clothing  or  card  wool  and  the  fine  or  soft  combing  Yarieties.  Leicester  devel- 
oped by  Bake  well  in  the  eighteenth  century,  Cotswold  and  similar  coarse,  long, 
bright  ^English  varieties  yield  the  lustrous  worsted.  The  mauchamp,  a  variation 
from  pure  merino  in  France  half  a  century  since,  has  a  lustrous  fibre  almost 
equal  to  the  silky  Cashmere  goat.  Carpet  wools  are  long,  rough  and  coarse, 
generally  from  South  America,  East  India  and  the  Mediterranean.  The  great 
pastoral  districts  for  the  merino  and  its  crossing  are  now  Australiasia,  River  L.a 
Plata  and  Cape  of  Good  Hope.  These  lands  produced  last  year  nearly  600,000,- 
000  pounds  in  the  grease,  or  288,000,000  of  pure  wool.  California  produces 
largely  for  us,  rather  more  than  50,000,000  grease  pounds.  The  manufacture 
falls  into  two  great  divisions.  First,  woolens,  which  are  carded  and  generally 
felted;  second,  worsteds,  named  from  a  viUage  near  Norwich,  £ng.,  which  are 
combed,  the  lastre  of  the  wool  preserved,  and  are  finished  without  fulling. 

Christopher  Columbus  was  the  son  of  a  wool  comber.  But  it  is  probable  that 
the  combing  of  wool  at  that  time  was  but  a  simple  process  of  carding  or  getting 
the  wool  ready  for  twisting  into  yam  upon  the  rude  hand  machines  of  that  day. 
It  has  been  the  work  of  later  years  to  perfect  the  art  of  wool  combing  or  the 
separating  of  the  long  worsted  fibres  or  liairs  of  the  wool  from  the  short  down, 
or  noils,  as  the  combinp^  waste  is  now  called.  The  wool  of  commerce  is  now 
divided  into  three  distinct  classes — clothing  wools,  worsted  or  combing  wools 
and  coarse  or  carpet  wools. 

In  order  to  fully  understand  the  difference  between  the  ordinary  old-fashioned 
woolen  goods  ana  the  more  modem  worsted  fabrics,  turn  for  a  moment  to  the 
yarn  from  which  each  is  woven.  Place  a  bit  of  ordinary  woolen  yam  under  a 
microscope,  after  untwisting  it.  You  observe  that  the  yam  was  made  up  of 
numerous  minute  fibres,  running  in  every  direction,  interlaced,  hooked  and 
curled  together  in  such  a  snarl  that  it  would  not  be  possible  to  tell  in  what 
direction  a  majority  of  the  fibres  run.  Give  a  little  twist  to  tlie  snarl  and  it  is 
ordinary  yam  again.  Put  a  bit  of  worsted  yam  under  the  glass,  after  taking 
out  the  twist  in  the  same  manner  as  before,  i  on  now  observe  that  the  hairs  or 
fibres  all  run  in  the  same  direction;  that  they  are  all  nearly  straight  or  much 
more  so  than  those  of  the  ordinary  yam;  that  each  fibre  presents,  instead  of 
a  downy  appearance,  almost  a  transparent  lastre. 

Until  within  a  few  years  the  separating  of  the  worsted  fibres  from  the  short 
wool  or  noils  was  all  done  by  hand,  and  a  very  tedious  and  unsatisfactory  pro- 
cess it  was;  but  by  the  more  recent  invention  of  very  curious  and  almost  life- 
like machines,  an  illustration  of  one  of  which  may  be  seen  at  the  head  of  this 
article,  this  separation  or  combinsr  has  reached  such  a  stage  of  perfection  as 
to  have  greatly  increased  the  demand  for  and  consumption  of  goods  made 
of  wool.  The  prices  of  goods  of  the  finest  texture  and  most  beautiful  lustre  have 
been  reduced  to  within  the  reach  of  people  of  moderate  means. 

ORDINARY  WOOLEN  MANUFACTURING 

Is  carried  on  in  mills  with  machinery  classed  as  "  sets,"  the  cost  of  which  at 
this  time  are  about  $8,000  each.  A  mill  building  60  x  160  feet,  with  four  stories 
and  an  attic,  gives  room  for  ten  "  sets,'*  though  this  does  not  include  room  for 
sorting,  washing,  drying,  dyeing,  picking,  and  boiler  for  heating.  Such  a  mill 
driven  by  water-power  would  cost  somewhere  about  $150,000,  or  $15,000  per  set, 
varying  somewhat,  according  to  the  conditions,  cost  of  land,  dam,  &c. 

Sets  are  based  upon  the  number  of  cards  used.     These  cards  are  of  various 
lengths,  but  those  of  48-iuch  are  used  most  now. 

MACHINES  NECESSARY  TO  MAKE  UP  A  SET  OF  WOOLEN  MACHINBBT. 

Wool  and  Waste  Duster  answer  for  six  sets. 

Wool  Mixing  Picker  answers  for  six  sets. 

Cards — three  per  set :  first  and  second  Breaker  and  Finisher. 

Mule — four  hundred  spindles  per  set. 

Spoolers — two  per  set. 

Dresser,  Reel  and  Beamer  answer  for  six  sets. 

Looms — five  broad  or  ten  narrow  per  set. 

Fulling  Mill — two  per  set. 

Washer  answers  for  eight  sets. 

Bydro  Extractor  answers  for  six  sets. 


lufHTdire  IS  coDduct^d  in  tbo  foJIowiiuc  mmnncr:    The  wool  mQAt  hv 
trtKp^ntei  iilo  8orl-,'  wcliulcnil)'  laUeJ  picilocU, 

"Wool  and  Waate  Doster. 

Jfarai/actared  by  Davis  >£  FMrbir,  Hiirllt  Aniimer,  Maaa. 


rollow  in  the  order  o(  their  grailMlQii  10  Ihe  laal,  which  is  Ihomont  inferior  In 
(luality.  liirerior  wnola  arc  mrtcd  into  dawnHglitt,  lecmdt,  abb,  llttn  >uid  iMort 
cixirae.  SecontUis  wool  grown  ou  the  throiit  and  hreiwtiHDd  UrvrVi  that  ffroiro 
about  tiie  belly  of  Ihe  awiuul.  Abb  <s  iin  iurcTior  kiud  of  teconSi,  and  (jlorC 
cooriw  in  ulao  drrivvd  from  the  hieasl.  Tliii  oprnlioD  is  wrformed  brhuid 
»nd  by  xkilled  Bortera.  It  i>  Ikeo  Koured nitli  a  iii-ak  •maroia solodon of  mlluli, 
tbcD  tlwrou^blr  rinsnl  iu  piira  wUcr  uHt  dried.  It  then  gors  to  the  dye-TUi 
and  i4  i.-olarGd  or  "drediuthe  wool";  then  mlod,  to  prevent  mBtting  or  feltine; 
tbra  Doca  to  lbs  Piclirr,  whicb  pnpateB  it  fbr  ctrdluB. 

Wool  canliua  by  Duchiupry  whs  first  acrompli^hod  st  Wci>t  Ridlne,  Yorkshire, 
EnRlnnd.  about  1787.  Joiiu  and  Arthur  BdiolBeld,  trom  that  viciiniy.  oune  to 
■Ilia  miiiitry  iu  17U3  and,  a  year  later,  eomnienecd  to  card  wool  by  maehinety  in 
a  mill  ^it  ByBckt,  near  Newbuiyport.  Ha».  Ai  that  time,  and,  In  fact,  far  nuny 
yeara  bu* r.  each  tknoer  in  the  Kew  En|[]iDd  Stales  kepi  a  sulBeletit  number  of 

nbecp  to  supply  hi*  Cunily  with  dothiHB,  ixm^ '— ' '— '  "-' ' *~ 

be  fouuil  in  each  luaiilj ;  indeed,  were  oflei 
when  they  were  married,  iu*tead  of  the  iiiii 

Iliat  the  practice  of  sending  t] 

it  wsaoardeJ,  and  left  iu  roll      ..    .       ._ ^._ 

■pinniiig-wbeetg  by  tlie  fhnnen'  wives,  daiighten,  or  the  "  hired  glil,"   In  Ih* 


Wool  Uizing  Picker. 

JnMB/iK«ind  Ay  Dmit  A  Fvrber,  MrtA  Andoter,  JToii 


0 poD  flat  AorfKeft  benei „ g.  „, 

canla,  howaver,  were  equBl  to  the  Bpinning-wheels,  bot  the  prmloctioii  of  Um 
i^anlDE-ieiinr  ucw^Uted  condnuout  rolls.  Foi  s  time  ibe  abort  tolls  nvTO 
meced  oj  ehfidren  m  tlic;  ircre  epim,  ibe  rolls  bcinE  curried  on  the  left  nd 
jotned  bj  the  ri^t  hubd — in  openktiDii  thul  wore  the  ^lu  from  the  Gncers,  and 
often  caused  the  blood  to  flow  therefrom.  A  piecor  commonly  supplied  Ixvcnly 
SJdtidles,  so  IliU  three  were  required  for  etwh  mschioe  of  iixty  spiadles.  The 
''Fiiriaber  Cud  "  Is  tha  ontcome  of  the  persistent  efforts  made  lo  do  sua;  with 
tbflrealljeriide,  eipensiTe  and  ineffldent  system  of  piecing.  Many  patents  have 
been  cruilcd  to  dlnreut  plana,  and  numerous  prejudices  have  had  to  be  ovc[> 
conu  im  order  to  aceompllsli  the  purpose. 

The  CDTeriu  of  card  cylinden.  luioicn  as  "cud  clotliiQE,"  coDsisis  of  wire 
teetb,  of  mltatile  form,  set  In*  hue  of  leather  or  its  equivalent,  made  in  many 
degree*  of  fineness,  so  as  to  meet  the  wants  of  carders  of  every  variety  of  wool. 
The  first  breaker  card  has  clothiog  made  with  coarse  wire ;  ifie  seeond  breaker 
haa  ioet:  Ibe  fildsbcr  card  tlie  Sneet.  From  Ibis  card,  the  wool  Is  delivered  in 
■DmenMu  conUnBons  soft  cord-liko  rolls  ready  for  apiniiing.  The  wool  is  weighed 
ont  and  spread  upon  a  fted-apron  lo  the  first  breaker  card.  The  llcbcr.in  yrcaents 
it  to  tbn  main  cylinder,  where  il  is  worked  by  varioos  devices ;  then,  by  what  is 
called  the  Anperly  feed,  it  is  taken  to  the  second  broker,  iuid  Ctom  that  to  the 
Finisher  Card. 

From  the  flulsber  card,  the  wool  kocs  to  the  Mule.  The  iltuslration  folhiwine 
the  Card  represents  a  Bcir-acCinK  Mule,  a  machine  that  wauhl  have  been  looked 
upon  with  wonder  a  century  since,  anil  certainly  with  reason,  if  compared  with 

will  irtva  their  claims  for  the  aperiil  merits  of  their  mule : 

"This  mnle  has  a  low  carnaKe,  an  improved  acceleralion  speed  motion  for 
■plndles  tor  spinning  warp  or  other  yarn  rei|UirinK  much  tirlil,  and  Is  adapted 
for  spinning  all  kinds  of  stock,  iind  grades  of  yam.  It  has  a  patent  adjustable 
draft  sctoll,  which  can  be  so  changed^ in  a  few  miuutea  as  to  adapt  it  for  giving 
any  dealred  uotuin  lo  the  carriage  when  running  out,  whether  fur  long  draft  or 
(or  twisting  yam  without  drawing  al  all,  whereby  much  llmo  and  labor  are  saved 
"•-■  -ould  be  required  10  change  sc"""-  " 

-^^-irs,  Johnautt  A  Bassett  mak< 

■ually  liavo  fOot  hundred  spindles „ 

From  the  mule,  the  yam  is  taken  to  the  Spooler,  which  is  used  for  transferrlBg 

lis  yam  trom  the  bobbins  on  to  jack  or  dret '- 


JcKthetwS't 


I  ' 

I? 
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3  ^ 
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Dead  Spindle  Spooler  and  Bobbin  Stand. 

MamtfOciiirtd  bg  Ikata  c£  Ftirber,  Nortk  Aniovtr,  Man. 


the  Jftck.   A  Dresner,  R«el  and  Beomer  an  next  required,  in  ord"  to 

Dresser,  Beel  and  Beamer. 
MionfiidMrti  by  DaiAi  A  Furier.  Sorth  AndiKer,  Matf. 


Prom  the  beftoiBr,  It  goes  to  the  Loom.  For  plain  poods,  the  ordlDary  eai 
loom  IS  nuffldenl,  bat  the  compe titian  for  aupeHorily  of  styles  necessitates  loon 
capable  of  ptoduciiie  new  pallcms  at  will.  This  want  seems  to  have  been  mi 
by  the  production  of  the  Knowlee'  Chain  Loom,  in  which  from  two  lo  fori 
bamessea  and  seven  shuttles  may  he  used,  uid  nf  coarse  capable  of  weavir^ 
an  almost  endless  yariety  of  Btylos,  fW>m  pWn  to  the  most  elaborate  of  pallernH. 
The  illnstralion  annexed  shows  one  of  their  looms,  with  any  length  of  pattern 

required,  easily  chanBod  to  any  sR-lc  desire'"  '"   ■  '- '-    — ' 

Tenient  aa  to  be  likely  tn  snperaede  the  ordi 


I  $4 

Twentr-flve  Harness,  Open  Shed,  Fancy  Loom. 

Mannfitctund  bj/  L.  J,  Snaalet  A  Smt/ur,  WorctiUr,  Man. 


to  the  FnUing  Mill,  when  It  !■  fulled.    Il  IlKn 


Hotary  Fulling  Mill. 

Xoftufacttired  bg  ii.  Bunt  Xachiat  Co.,  Orange,  Matt. 


.red   nnd   ringed. 
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Cloth  Washer. 

Mal^^facl'H^  tig  B.  JIunt  Xachine  (h.,  Onngt,  Man. 


goes  to  the  nrdiO'E.... 


Hydro-Bxtraotor. 

MaaaJOctund  by  tM  Cleveland  Xaehine  Oo.,  Woratter,  Mati 


From  Uie  hrdro-extractor,  It  ffoa  t 


Quadruple  Aoting  G-ig. 

MoMf/aetia^d  by  Parkt  A  WoUum,  SprmigUld,  Ft. 


I>  ntised  with 
I  tbis  gig  ihp 


Dth  Is  acted  nnan  at  taxa  diflbrent  points  irblle  paaslne  through  the  macbiiK. 
'  ■  lustre  like  ^rDnJcloth  is  desirRd,  tbe  cloth  is  bulled  or  steamed  to  lay  the 

u  rerolving  bluies  wnrkin^  a^nst  one  th^t  ia  stutjonary,  or&'*  iedg^er  blade." 

Shearing  Machine.  Brushing  Machine. 

Mam/aclartd  by  Parkt  A  Woolsm,  SpHngfield.  VI. 


In  thisnuchine  the  iiBp  le  nude  OTen  by  nhenrin^  it.    From  tbe  sheBrtngmiichine 
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Preas, 

Manvfactured  bu  Haraoad  •£  Quincj/,  Baalon,  Mast. 


This  RnuiyPreee  le 


WlLUHANSETT,  MiHS.,  May  21,  IMl. 
JAUE3  DUGDALE,  LowiLi^  Mass. 

I>ear  Sir:  I  thint  you  hiivc  bcpn  cnitaircil  for  »  numhor  of  veara  in  the 
TnanaAwture  of  worstpil  ynm.  snd  Ihal  formerly  you  eoiobFd  Ihc  »ool  by  haad 
on  inatrumenlB  or  ilericcs  cubtitanCiBlly  ilie  same  as  ibc  old  hUcfafI  ii!<ed  for 
romlilnic  flax,  ami  Ihal  you  now  comb  by  niachinpry  or  macbinc  comb...  That 
the  inyenlivi!  aud  liberal  patpnt  syBlpm  lonT  be  comparFil  wltb  tbnt  of  tho  can- 

mmI  etHdrncTor  the  twopluia,  sud  oblige, 

Yours  truly,  JAU£8  BMERSON. 


JAMEB  EMEOSOK,  W11J.IH1NBSTT,  Miss. 

Dritr  Sir:  Inreply  toyourlclterofaiBtirwt,,!  hnTCtnaay— Theprirc  paid 
for  coiablng  wool  by  Land  wa4  governed  by  the  i)iiali1y  and  len|i:th  of  suplc.  In 
1g63-«4.  the  prico  psid  in  Lowell  was  IT  cents  per  pound  for  medium  qugJily. 
A  COD"  workman  waa  able  10  comb  only  from  len  ro  twelve  pounds  per  day— 
•biiuttwclresllvprawi'lBhingnne  pound.    The  first  cost  of  (be  Improved  Wool 

Still,  thr  SYcrain;  cost  is  abiiiit  five'eontB  per  pouml,  with  Mk  advan^ie  of  the 
you  again.  Rrspoclfully  yoiim.  JAMES  DUGDALE. 


i88 

Qermania  Mills,  Holyoke,  Mass. 


Tbatof 
b J  A.  H.  Swain. 


with  Xmcrson's  Portmble  Pjrnamometer.     Tables  prepared 


WXATS  ROOM. 


umactamoM  or  XACHmKT. 


Shaft  136  fret  Inng,  150  rerolntions.  21 
Broad  Grampton  Loonui  drlTcn  firom  the 
Hoe.  An  averafre  of  10  looms  were  prob- 
iU>l^  in  operation.  Coonted  tJiem  in 
rapid  snooession  over  and  over  again. 
The  least  number  in  operation  was  5  at 
one  time.  The  most  was  15 ;  9, 10  and  11 
was  thip.  usual  count. 

Goods,  heavy  doeskin  and  cassimeres, 
76  inches  wide,  56  pidcB  to  the  inch,  26 
ounces  to  the  yard,  in  a  portion  of  the 
Looms. 

April  12, 1873. 


TOOB. 

w*cnR* 

SRKD. 

A.  M. 

6.20 

53 

190 

6.30 

55 

182 

6.45 

55 

192 

7. 

50 

190 

7.15 

60 

190 

7.30 

53 

190 

745 

54 

190 

8. 

60 

188 

8.15 

55 

188 

8.45 

50 

192 

9. 

60 

192 

9.15 

60 

192 

9.30 

86 

192 

10  30 

80 

190 

10^ 

60 

192 

10.36 

65 

193 

11.40 

15 

192 

12.15 

651 

188 

H.  P. 


2.99 
S.03 
S.19 
2.87 
8.45 
S.05 
3.10 
8.41. 
3.13 
2.90 
3.49 
8.49 
6. 

4.60 
3.40 
3.80 
.87 
S.90 


nC8T8  IH  FICKIXO  AMB  OBTIHO  BOOMS. 


DK8CBIPTION  OF  MAOUlflJMIir. 

TIMS. 

w'ght. 

BFBXD. 

H.P. 

2  Fan!«,  8  rancs  each. 

P.M. 

12.15 

8011s. 

180 

4.36 

2  Fans,  8  Tanes,  2  Fan.s  6  ranes. 

122i 

180 

6.68 

4  Fans,  1  Sargent's  Burr  Picker, 

1.30 

230 

181 

12.61 

4  Fans,  1  Sargent's  Burr  Picker, 

1.45 

222 

180 

12.11 

4  Fans,  I  Sar^'ent's  Burr  Picker, 

2. 

230 

180 

12.54 

4  Fans,  1  Burr,  1  Kelloeg  Picker, 

2.05 

Belt 

Slipped 
179 

1  Sargent'd  Burr,  2  Kellogg  Pickers, 

2.30 

180 

9.76 

1  Sargent's  Burr.  2  Kellogg  Pickers, 

2.45 

180 

179 

9.76 

4  Fans,  1  Burr,  2  Kellogg, 

3. 

290 

178 

15.64 

4  Fans,  1  Burr,  2  Kellogg, 

3.15 

295 

178 

15.91 

4  Fans,  1  Burr, 

3.45 

231 

178 

12^ 

1  Burr, 

4. 

125 

180 

6.81 

1  Burr,  4  Fan«, 

4.15 

235 

179 

12.74 

1  Burr,  4  Fans, 

4.25 

234 

180 

12.76 

2  Kellogg  Pickers, 

5. 

65 

182 

3.58 

1  Kellogg  Picker,  laige, 

5.05 

40 

181 

2.19 

1  Kellosrg  lacker,  small. 

5.10 

30 

181 

1.64 

Counter  Shaft  and  loose  Pulleys  for 

above  machinery. 

25 

180 

1.S6 

April  9, 1873. 

198 

steam  Enfirine. 


New,  made  by  Brown  of  Fitchbnrg,  Mass.  18-inch  cylinder,  42-inch  stroke, 
rated  76  horse-power  with  60  poonds  of  steam;  tested  by  Prony  brake,  steam 
pressure  ranging  from  05  to  70  pounds  during  the  trial;  the  power  varied  from 
60  to  65  h.  p.  according  to  pressure* 


Putnam  Ma.chin6  Co.  Engine. 


New  15-inch  cylinder,  3-feet  stroke,  guaranteed  to  give  60  h.  p.  with  60 
pounds  of  steam;  lested  by  Prony  brake;  gave  44  h.  p.  with  65  to  70  i>oun(ls 
steam.  Such  has  been  my  general  experience,  and  I  doubt  whether  a  steam- 
engine  can  be  found  that  realizes  more  than  3-4  of  its  claimed  rate.  Indicator 
cards  may  give  the  pressure  in  cylinder,  but  the  only  way  to  get  the  efficiency  of 
aa  engine  is  to  take  it  from  shaft. 


Compound  Enfirine. 


Steam  working  first  in  a  6<inch  cylinder,  from  that  into  one  of  12  inches,  20  h. 
p.  was  claimed ;  dynamometer  on  shaft  showed  7.  Then  it  was  found  that  the 
most  of  the  force  was  used  in  working  the  engine. 


Power  Required  to  Drive  Woolen  Machinery. 

The  Powbb  required  to  drive  sets  of  woolen  machinery  depends  upon  the 
quality  of  goods  and  number  of  sets  in  a  mill ;  the  more  sets  tiie  less  power  in 
proportion  is  required.  I  haye  tested  the  power  used  at  many  mills,  but  a  few 
cases  will  show  the  general  average. 

Vassblbobo  Woolbn  Mills,  Yasbelboro,  Me.  22-set  mill,  light  cassi- 
meres;  required,  135  horse-power. 

Wm.  Wi^LEEB  &  Co.,  Lowell,  Mass.  4-set  mill,  flannels;  required  or  used, 
30  horse-power. 

James  O.  Inman,  Pascoao,  B.  I.  Heavy  doeskin,  pant  goods,  4  sets;  used, 
40  horse-power. 

Bbebe,  Wbbbbb  &  Co.,Holyoke,  Mass.  Pant  goods,  eight  sets;  64  horse- 
power. 


Power  Required  to  Drive  Elevators. 


These  elevators  were  in  Boston  stores,  the  belts  when  not  at  work  running  on 
loose  pulleys.  To  operate  the  first  kind  tried,  without  load,  when  running  at  the 
common  speed,  1.89  horse  power.     With  a  load  of  1'06  pniiiids,  3.92  horse  power. 

The  second  was  a  Tuft's  elevator,  runaiiig  at  the  same  speed  as  the  first,  with- 
out load,  2.46  horse  power.  With  a  load  uf  1004  pounds,  required  5.29  horse 
power. 


Hydro-Bxtraotor. 


Extractors  start  hard  unless  started  very  slowly,  but  lose  their  resistance 
instantly;  threc-fourihs  of  a  horse  power  would  be  a  liberal  averapje  for  such  as 
I  have  tested,  though  from  one  to  two  horse  power  may  be  expended  for  a 
moment,  if  started  luiStUy. 


igo 

WtSTlNTm,  THE  PIBnCHBUTUK  UPIMM. 

pigioin  diaguiwd  lij  duaft  of  iwnt 
ijwrt.  CuuUotiiw  u  Suq  Wothipv. 


U  lb*  douihU  si  Nkw.  1.  n  SU. 
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Paper  Manufacture. 


Like  the  ordinary  historian,  I  might  draw  upon  my  imagination  for  my  facts, 
and  give  time  and  place  where  the  first  idea  of  paper  was  conceived,  but  the 
reader  will  be  quite  as  well  informed  if  the  truth  is  given  instead;  and  that  is, 
that  I  do  not  know  anything  about  it.  It  is  evident,  however,  that  it  must  have 
been  centuries  upon  centuries  ago.  "Writing  would  necessitate  paper  or  a  sub- 
stitute. Writing,  from  the  nature  of  the  case,  must  have  been  understood  before 
the  commencement  of  history,  for,  without  writing,  there  could  have  been  no 
record.  A  mark  was  placed  upon  Cain  for  the  purpose  of  warning  those  he 
might  meet  that  he  was  not  to  be  molested.  The  statement  plainly  implies  that 
such  mark  or  writing  was  generally  understood,  or  it  would  have  been  useless ; 
and  it  furnishes  a  plausible  pretext  for  the  Irish  historian's  genealogical  tree 
springing  from  an  Irish  root,  with  Adam  placed  high  among  the  branches,  and 
the  statement  that  the  Irish  had  a  written  language  at  the  time  of  Adam,  all  of 
which  may  be  true ;  butif  Old  Israel  was  the  son  of  an  Irish  emigrant,  it  would 
be  an  interesting  study  tor  the  scientist  to  trace  out  the  cause  of  such  a  radical 
change  in  the  form  of  the  nose.  Evidence  bearing  upon  that  point  might  be 
difficult  to  find;  but  such  would  hardly  be  the  case  about  paper,  for  the  word  is 
derived  from  that  of  papyrus,  and  papyrus  was  paper  essentially  the  same  as 
the  paper  of  to-day,  though  crude  and  coarse,  perhaps,  in  comparison  with  the 
best  now  made :  the  interior  part  of  a  reed  or  flag  indigenous  to  "Egypt,  and 
places  where  papyrus  was  known. 

Its  preparation  for  use  was  similar  to  that  of  paper.  The  part  of  the  reed  to 
be  used  was  selected;  it  was  then  sized  or  glued,  then  subjected  to  heavy 
pressure.  Sheets  of  any  size  desired  could  be  made,  as  is  proved  by  the  fact 
that  it  was  carried  or  kept  in  rolls.  Vellum,  often  mentioned  in  connection  with 
the  early  manuscript  copies  of  Scripture  and  the  printing  of  the  first  books,  was 
white,  finely  prepared  calf-skin.  The  object  of  this  article,  however,  is  more  for 
the  purpose  of  briefly  describing  the  manufacture  of  paper  now  than  to  treat  of 
its  use  in  the  past. 

Until  within  a  generation  past,  paper,  or  the  finer  qualities  of  paper,  has  been 
produced  from  rags,  and  the  pulp  has  been  worked  into  sheets  by  hand.  Forms 
or  sieves  of  the  size  of  sheets  required  were  used  to  take  up  the  pulp;  as  the 
water  drained  out,  the  sheet  formed,  and  when  dried  it  was  pressed.  John  Ames, 
of  Springfield,  Mass.,  now  living,  invented  the  cylinder  paper  machine,  which  is  • 
still  in  use  in  some  mills  where  a  cheap  grade  of  paper  is  made.  The  Fourdri- 
nier  improvement  has  since  been  added. 

Paper  is  in  such  demand  now  that  constant  investigation  is  going  on  for  the 
purpose  of  discovering  new  fibre  suitable  for  the  purpose.  Many  kinds  of  stock 
are  now  used :  ra&rs,  ground  wood  pulp,  wood  pulp  chemically  prepared,  Avaste 
of  many  kinds,  old  rope,  hemp,  manila,  fishing  lines,  jute,  jute  butts,  straw,  etc. 
Clay  of  various  kinds  is  used,  but  by  a  neighboring  manufacturer  the  individual 
does  not  do  so. 
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Bleash  Boiler. 

XmM/actMtd  by  D.  F.  CoshUn,  Uolyokt,  Man. 


wax  presented  lo  my  ^alil  iiiff.  exceeded  unythinR  of  Ihe  kind  my  imaciiulliDn 
bad  ever  cancelled  of.  It  is  a  bleuing  10  the  ri^fc  kind  oC  B  Yuihec  lo  travel, 
Tor  in  muiy  piacee  lio  can  sec  much  In  make  bim  ttiaukAU  that  he  Is  a  Yankee. 
If  he  can  get  rid  of  some  ofhiH  conceit,  lie  will  alio  see  much  that  it  is  desirable 
to  leam.    The  manufiicture  [h  conducted  as  follows : 

The  ra«n  for  flue  paper  are  first  dusted  by  runninE  them  through  the  Kag 
Diuter.  They  are  then  ont  into  pieces,  two  or  tlitee Inches  in  area  of  eitent ; 
tbit  ia  done  by  women,  each  one  of  whom  has  the  point  half  of  a  ecvthe  Brmlr 
flied  verUcally  Id  a  bench  in  front,  IhB  edge  of  the  scythe  bdng  from  her.  Willi 
Una  innnunenl  she  cots  huge  bandfuls  of  rags  in  various  dlrecdons,  until  the 

and  ejes,  seams,  hems,  and  everjrChlng  objectionable.  After  being  cut,  Ihe  ran 
are  sorud.  and  eveiytbing  re>ected  that  Is  likely  to  injure  the  qualitr  of  the 
p^wr.     They  are  then  agun  dusted,  and  then  placed  in  the  Bleach  Boiler— a 

Gould's  Improved  Beatiner  Engine. 

Itmu^ctiired  by  Hatyok*  Machine  Co.,  Molyoke,  Matt. 


Boer  Bngme. 
Kaamfactartti  bf  Bvlyat*  Xqchini  Co.,  Bolyote,  Mati. 


imcter,  ■Dd  fiwm  Bftecn 


er,  TUTinfffrDm  fire  to  tigbr  feet  in  dluDcter,  vnd  1 
lenBlt.  Lime  ia  i"it  in  wHli  Ihc  rsgs.  The  boi 
LvG  hours,  ate&m  being  intfoclucfd  thraugb  the  hoL 
f  pluaiu  being  Lent  ui>  ro  sixty  uoiin<la  t* — ^""~  """ 
ttiCtiu  and  w)  in  the  (fi*<in<cgrBlion  of  tbe 


3  the  wuliillg  Hid  beaQng  u 


the  same  encine.  All  tbo  initer  tbM  nn  be  lued  It  ipplled  dniins  the  proccii 
of  waahiiuE,  bat  the  rail  ia  Dot  preised  down  «o  bard  u  it  Is  while  BeAting.  The 
•rashine  i"  codtinucd  from  foar  lo  eight  boun— DiuaUy  about  nil,  bj  vhich  time 
the  raga  hive  become  soft,  pulpy  stuff,  which  is  then  let  downinlo  the  DraiDere 
— taaka  with  perforated  botiomB.  Chloride  of  lime  is  added  here  to  bleach  the 
matB  perfectly  white.  From  the  draioers,  the  stuff  is  taken  up  aod  put  Into  (he 
Butlng  Kngibes,  where  il  Is  kept  in  constant  motiou,  and  continuouely  paauug 
between  (be  beating  or  learins  knlTee  Uid  roll.  Coloring  is  here  added  to  give 
tba  paper  the  dedred  tinC  The  maaiie  kept  in  the  heaters  nnlil  it  ii  reduced  to 
the  eoniUtion  required— usual]}-  about  six  hoius.    Then  il  Is  discharged  loUi  the 

perhui  a  eenturj,  more  or  less — there  has  been  little  change 

eterofthe  beatingeonue.  except  iDcrearie  in  si£P.    Recently . 

■■  *■ —  '^ — "  made,  and  Dow  the  Gould  EoglDes  are  gun- 


"Stuff  Chest"  below. 


Dg  favor  frora  their  tucreased  producdTeuesSj  saving  of  la1>or  a 

Gould  Beating  Bn^ine. 

Ifaimrattured  bn  Hol]/oke  Machiat  Co.,  Bolyokt,  Mati 


A  charge  for  the  enEine  is  about  60  barrebi,  w 
inachtoesln  about  three  hours.    The  centrifugal  fori 

at  GardiDGTi  He.,  a  four  ton  mill,  jnaaila  paper,  Ju 
Beater  108  revalutloDS  per  miuute.  but  during  a  to 
from  lot  to  112,  requiring  65.3Sliorie-pawFr  an  a  mai 
poDllds  of  excellent  paper  was  weighed  off,  while  there  was  a  perceptible  gain  ol 
pulp  In  Btnff.chest  at  the  ciose. .  Four  JD-inch  engines  of  the  ordlnarr  Ityle  in 
the  aaoia  mill  beating  the  same  stock  were  then  tested ;  with  rolls  hard  down  it 
A  IW.M  boTSA-power  to  drive  them  to  a  speed  of  lU  nrolotiew  pw  nlft- 

~  )d  (biMiv  b«ai  wb«el*  K  tlu  engliM. 


al  of  it  ban 
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Sheet  Super  Calender. 

ManMfjKtUTtil  Ay  ffalyoki  MacMru  Co.,  Eoiyott,  Mall. 


Tlieu  packa  ue  Uien  taken  to  the  Drj-Ing  Lofl,  separated  Into  aheeCs,  which 
arc  hung  eTeoL^  upoD  poles  to  dry,  Ibe  iott  belngf  kept  hot  by  steams  When 
dried,  the  sheets  ue  scot  la  the  Bniahiiig  room,  and  are  passed  between  rolls 
nnder  great  prcaaure.    The  process  is  called  calendering,  the  Sheet  Calcrdcr 


I9S 
Trlmminff  Frees,  or  Paper  Oatter. 


Jfamtbetund  £y  Ihe  Bolgokt  Machiiu  Co.,  Bolj/Oa,  Matt. 


Lever  Plater. 

Manufacliirtd  bv  Solyate  XacMne  Co.,  Bolyokt,  JToM. 


After  preseing,  tbe  packages  are  boxed,  read;  tot  dellTerf. 

A.  finer  grade  of  paper,  need  for  wedding  or  fane  j  cards,  and  varioos  parpoaes. 
is  calendered  in  the  sheet  calender ;  Ihen  placed  between  metal  pUlea,  and  passed 
between  the  roUs  of  the  Leter  Platen  then  cnt  into  sheets  the  aiie  required,  and 
boxed  for  shipiDent. 

If  nol  generally,  made  of  mixed  stock:  rags  and  wood  pnlp,  atsed  with  resin  size 
in  the  beadng  engine,  Instead  of  with  aoimal  size  in  the  paper  machine.  ■■ 

The  process  in  the  paper  machine  at  the  commencement  ia  the  aame  as  before 
described,  bat  instead  ot  being  divided  into  sheets,  it  goca  in  the  web  through 
the  stack  of  Chilled  Kolis,  J,  near  the  right  end  of  the  machine,  which  (^to 
what  is  called  "  machine  finish."  It  is  reeled  or  roUed.  as  represented  on  tho 
Bolls,  K.  If  H  finer  finish  is  desired,  it  is  super-calendered.  {See  out  on  next 
page.)    Itis  then  divided  into  Bhccta,  the  size  rcqaired,  by  rotating  cutters. 

Newspaper  is  made  of  a  cheaper  grade  ot  stock :  rags,  ground  wood  pulp, 

Cheap  wrapping  paper  is  also  made  of  straw,  or  some  thine  cheaper. 

The  best  manila  paper  is  made  of  jutcjiitc  butts,  old  rope,  hemp,  manila, 


Web  Bnper  OalendsT. 

3fam^filctund  by  Wolyokt  MacMna  Co.,  Bolyoit,  Jl 


>',  lAr^r  capacity, in 


C   Blowlf, 

je$7bSI00 
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ITThitingr  Paper  Ck>.,  Holyoks.  Ma«s.,  No.  1  llill. 


4-Ton  Mill,  Fine  V^Triting  Paper. 

Following  machinery  driven  by  the  main  wheel,  which  by  teet  gare  180  h.  p. 

2 12S0  pound  washing  enginea. 

2 1200  pound  beatiufr  ennricb  i- 

2  800  pound  beating  enginea. 

2  6  inch  Littlefleld  pumps. 

1  Andrews  pump. 

4  rag  dusters ;  2  rag  boilers, 

1  BTerator,  2  boiler  pumps,  1  engine  lathe,  1  sheet  calendar,  6  roUa,  1  small 
pump,  1  circular  saw  for  box  work. 
Finishmg  room  wheel,  42.92  h.  p. 

IMtcs  6  6-roU  calendars,  2  platers.  6  mUng  machines,  8  trimming  presses,  1 
eleyator,  1  grind  stone. 

These  two  wheels  do  the  work  named,  but  20  horse>power  additional  would  be 
acceptable  on  large  wheel.   

Test  by  Emerson's  Dynamometer, 

Experiment  upon  an  800  pound  paper  enjrine  for  rag  stock ;  fiimished  with  800 

Siunds  of  bleached  stock  m  the  evening  of  March  26, 1875,  at  the  Housatonio 
ill  of  the  Smith  Paper  Co.  at  Lee,  Mass.  The  roll  was  46  inches  long  by  40 
Inches  diameter  Experiment  began  with  a  stock  nearly  finiBhed«  wlucb  was 
finished,  discharged  and  the  engine  replenished. 


Time. 

Bev.  of 

Bev.  of 

Weight. 

Horse 

P.M. 

BoU. 

Dynamom. 

Power. 

7.00 

118 

284 

165 

14.20 

7.80 

124 

294 

131 

13.45 

7.35 

124 

800 

185 

12  27 

7.45 

124 

288 

181 

13.17 

♦0.30 

124 

274 

184 

15.27 

•9.36 

124 

274 

184 

15.27 

♦Boll  down  and  stock  half  finished. 

Experiments  upon  a  800  pound  paper  engine  for  rag  stock :  famished  with  300 
pounds  of  bleached  stock  on  the  afternoon  of  March  24, 1875.  at  the  Housatonic 
Mill  of  the  Smith  Pwper  Co.,  at  Lee,  Mass.  The  Boll  was  33  inches  long  by  28 
inches  in  diameter. 


Tune. 

Bev.  of 

Bev.  of 

Weight. 

Horse 

P.M. 

BoU. 

Dynamom*r 

Power. 

8.50 

131 

230 

28 

1.95 

4.00 

131 

230 

63 

4.39 

4.15 

143 

250 

57 

4.31 

4.20 

149 

260 

73 

5.75 

4.25 

152 

270 

49 

4.00 

5.00 

166 

291 

93 

8.20 

5.05 

150 

264 

93 

7.44 

5.30 

146 

257 

94 

7.31 

6.00 

143 

250 

95 

7.19 

6.45 

149 

260 

104 

8.19 

7.00 

144 

252 

107 

8.17 

7.30 

149 

260 

118 

9.26 

8.00 

126 

220 

119 

7.93 

8.15 

133 

233 

122 

8.61 

8.30 

146 

255 

119 

9.19 

8.45 

149 

261 

105 

8.30 

0.00 

123 

215 

105 

0.84 

9.15 

137 

240 

104 

7.66 

9.30 

150 

204 

101 

8.08 

^ 

9.45 

137 

240 

101 

7.34 

10.15 

132 

232 

100 

7.08 

10.30 

187 

240 

26 

1.89 

202 


BxpflriaeiiteB  •  68  inch  paper  machhwt  makinir  imwb  print  linom  m^^  stock. 
TUb  mactdiie  is  ordinarilj  run  with  a  speed  that  will  deuyer  the  paper  at  the 
rate  of  90  feet  per  minute ;  but  during  these  experiments  it  delirerea  61  teet  per 
minute  the  first  experiment  and  78  feet  per  minute  during  the  last  experiment. 


nme. 

P.M. 

Bey.  of 
DjnamomV 

Weight. 

Horse 
Power. 

fl.  Power  of 
Pump. 

Table 
Power. 

4.00 
4.20 

200 
230 

101 
104 

6.12 
7.26 

2.78 
3.56 

8.90 
10.82 

The  main  line  of  shafting  makes  108  reyolutions  per  minute  when  90  feet  of 
paper  is  deliyered  per  minute.  From  this  main  Une  the  agitator,  the  water 
pump  and  the  shaker  at  the  head  of  the  machine  are  driycn  and  are  not  included 
in  the  test  by  the  Dynamometer;  but  are  cidculated  from  the  speed  and  width  of 
belts  by  which  they  are  driyen,  on  the  theory  that  a  belt  1  inch  wide,  running 
1000  feet  per  minute  is  a  horse-power. 


The  Shaker  belt  moyes  600  feet  uid  is  8  inches  wide,  equals  1800, 
The  Agitator  belt  moyes  329  feet  and  is  4  inches  wide,  equals  1816, 
The  Pump  belt  moyes  251  feet  and  is  6  inches  wide,  equals  1506, 


H.F. 

1.80 
1.32 
1.50 

4.12 


But  as  this  pump  is  single  acting,  only  acting  during  one-half  of  the  reyolu- 
tion,  I  haye  ^illea  it  two-thirds  of  the  apparent  power  equals  1.00  h.  p.,  and 
deduct  }i  a  h.  p.,  then  leaying  4.12  h.  p.  for  the  paper  moyiug  90  feet  per  minute. 
Then  by  simple  proportion  of  78  to  96  witb  Pftper  moying  78  feet  por  minute 
equals  3.66  horse  power;  with  paper  moying  61  feet  per  minute  equals  2.78  horse 
power. 

[Oopy,]  L.  M.  Wbioht,  C.  E. 


Holyoke  Paper  Co.,  Holyoke.  Mass. 


POpr  500  pound  beating  engines  took  the  whole  power  of  a  wheel  that  by  test 

S,ye  80  horse-power ;  eyen  with  that  power  care  was  required  in  furnishing  or 
ey  would  not  run  to  speed ;  after  running  so  for  some  years,  the  Beaters  were 
altered  or  put  into  better  condition,  so  that  the  wheel  now  g^yes  a  large  surplus 
of  power.    Mill  makes  fine  writing  paper. 


Test  of  a  72-Inoh  Wheel  and  Machinery,  Fitch- 

burgr,  Mas0«. 


These  ezi)erimeiit8  were  made  to  determine  power  required  to  driye  Beating, 
engines,  36-iDch  rolls,  paper  and  rag  stock.  Before  testing  the  wheel,  the  speed 
of  the  main  shaft  was  taken  under  different  conditions  to  ascertain  the  power 
required  to  drive  machinery  at  the  following  speeds,  the  water  in  the  pond  being 
one  inch  below  the  lowest  part  of  the  crest  of  the  dam. 

IST  Trial.— 3  Engines  beating,  1  washing,  and  aU  machinery  attached.  Speed 
of  main  shaft,  120  reyolutions  per  minate,  &  h.  p. 

2d  Trial.— 2  Engines  beating,  2  washing,  all  machinery  attached.  Speed  of 
main  shaft,  146  reyolutions  per  minute,  49  h.  p. 

3d  Trial.— 2  Engines  beating,  2  washing,  duster  thrown  off.  Speed  of  midn 
shsit,  160  reyolutions  per  minute,  48.3  h.  p. 

During  the  aboye  trials  the  head  was  about  14  feet.  The  dynamometer  was 
then  applied  to  the  end  of  main  shaft,  and  the  power  of  the  wheel,  at  nearly 
same  speed,  obtained. 

With  the  flush-boards  off,  leaving  13  feet  head,  under  which  the  wheel  was 
designed  to  give  60  horse-power,  its  power  would  have  been  43.16. 

No  attempt  was  made  to  measure  the  water,  it  simply  took  the  whole  river. 

Cq^adty  of  Beater  450  poundfl. 
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Paper  and  Shoemakinff  Maohinery* 

Beport  of  a  test  to  determine  the  power  required  to  mn  one  of  the  Bag 
ttgines  ftt  Bacon's  Paper  Mill,  in  North  Lawrence,  Massachnsetts. 


LowxLi«  December  16, 1870 
/•  A»  Sacon,  JStq. : 

Dbab  Sib  :— I  have  worked  up  carefttUy  the  tests  made  yesterday  with 
Bmerson's  Dynamometer,  at  yonr  null  in  North  Lawrence.  When  the  engine 
roU  made  Iw  revolations  per  minnte,  the  dial  hand  of  the  Dynamometer  inad» 
$.8  reyolntions  per  minute.  I  haye  estimated  the  speed  of  the  roll,  upon  the  sup- 
portion  that  it  varied  during  the  different  tests  in  the  same  proportion  as  the 
speed  of  the  dial  hand.  I  gtre  the  results  obtained,  in  the  order  in  which  the 
tests  were  made. 


Number 

of 

Test. 


1 
2 

4 
6 

e 

7 

8 

0 

10 

11 

13 
18 
14 


CoHDinoH  or  ths  Bsanrx. 


No  paper  in 

Paper  oeing  put  in  < 

MM 


<( 


«( 


Washing  paper. 

«<  M 


M 
M 
«< 


M 
M 
•« 
«• 


M  M         ,  ,,, 

Beating  pulp 

44  M       ,,,,,,, 

t<  M      ,,,,,,, 

Brushing  the  paper 


Bevolutions 

Home-Power 

of  Boll 

indicated 

per  minute. 

by  Dynamometer. 

187 

2.6 

140 

7.26 

141 

8.36 

168 

4. 

146 

4.08 

147 

4.41 

144 

4.67 

146 

6J0 

168 

&9 

148 

4.71 

140 

6.08 

147 

6.02 

140 

6.08 

140 

8.0 

While  the  paper  was  being  put  in,  the  power  indicated  gradually  rose  from  2.6 
horse-power  to*7.26  horse-power.  It  stood  at  7.26  horse-power  tor  about  three 
minutes,  after  which  it  gradually  fell  to  3.36  horse-power.  From  test  4  to  test  8, 
the  roll  was  irradually  set  down  harder  and  harder.  At  test  No.  7,  the  roll  was 
down  as  hard  as  is  usual  in  making  paper.  At  test  No.  8,  the  roll  was  down 
harder  than  is  common. 

Very  respectfully  yourst 

(ffigned,)  CsAinnNG  Whitarxb, 

Mechanical  Eng^eer. 

Beport  of  a  test  to  determine  the  power  required  to  driye  Shoemaking  Machin- 
ery, at  the  State  Prison,  in  Charlestown,  Massachusetts. 

LowxLL,  July  13th,  1871. 

fiodfuy  3.  Tofft  JStq.,  Dreamrer  Tucker  ^f*gCo,i  Boston  : 

Dbab  Sib  :~On  the  13th  Inst.,  I  made  a  test  with  Emerson's  small  Dyna-^ 
mometer,  of  the  power  required  to  driye  Mr.  Blanchard's  Shoemaking  Machinery 
at  the  State  Prison,  in  Charlestown.  In  Mr.  Blanchard's  lower  room  there  are, 
besides  the  counter-shaftinsr,  12  sewing  machines,  2  peggcrs,  2  skiyers.  1  heel 
trimmer,  1  bottom  roller,  1  buffer,  1  roller,  1  splitter.  All  of  the  machinery  is 
not  in  use  at  any  one  time.  But  making  sach  ulowance  for  this  fact  as  seems' to 
be  fair,  there  is  required  for  driving  the  machinery  and  counter-shafting^  in  this 
room,  4.0  horse-power.  In  Mr.  Blanchard's  upper  room,  there  are,  besides  the 
ooonter-shafting,  2  brushes  and  4  buffers.  There  is  required,  for  driving  the 
machinery  and  counter-shaftin^  in  this  room,  2.3  horse-power.  Making  a  total 
of  7.2  horse-power  used  by  Mr.  Blanchard. 

Very  respectftilly  yours, 

C^AXHINO  WhiTAKBB, 

(Sgned,)  Mechanical  Engineer. 

mill  that  took  WMneChiu  oyer  18  hone  poww. 

J.B. 


*I  iMled  aa  oHbuuy  4A0  poond  Basler  In 
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[FWwn  Amarion  Wngfiieflr.] 

A  Man  of  Courage. 

We  pnbliBh  elaewbere  a  eommunioation  from  Mr.  James  Emerson  giving 
some  farther  facts  in  regard  to  warming  of  railway  cars.    Mr.  Emerson  has 

Sven  the  last  A^e  jean  of  his  life  to  this  work,  and  so  far,  as  we  believe,  he  is 
le  onlv  man  who  has  made  extended  experiments  in  heating  by  steam.  He 
is  well  known  as  anhydranlio  engineer.  'What  he  aocomplishea  in  that  depart- 
ment of  engineering  is  well  told  by  a  writer  in  the  December,  1886,  number  of 
the  MUlimg  Muffineer.    The  writer  says  :— 

It  will  be  sixteen  years  on  April  lat  next,  since  James  Emerson,  an  inventorj 
oi  Lowell,  Mass.,  issued  a  small,  one-page  circular,  saying  that  he  had  purchased 
of  the  Swain  Turbine  Company  their  testing  flume,  built  for  the  purpose  of 
privately  testing  their  own  water-wheels,  and  that  he  was  about  to  open  a 
series  of  public  competitive  tests.  It  marked  the  commencement  of  an  era  of 
wonderful  progress  in  turbines. 

Mr.  Emerson  was  a  man  of  irreproachable  integrity.  He  could  not  be 
bribed.  He  was  too  independent  to  be  held  as  the  tool  of  any  one.  He  was 
fearless  in  his  criticisms,  and  many  a  poor  miller  who  had  been  defrauded  by 
some  unprincipled  water-wheel  agent,  rejoiced  to  And  that  at  last  a  man  had 
arisen  who  knew  and  was  not  afraid  to  publish  the  truth.  When  he  attacked  a 
certain  water-wheel  builder,  who  circulated  most  el^ant  pamphlets,  and  who 
loudly  claimed  that  his  wheel  was  the  best  in  the  coimtry,  and  that  it  had  an 
efficiency  of  90  per  cent ,  although  in  reality  it  was  worthless,— when  Mr. 
Emerson  drove  him  out  of  hydraulics  into  the  patent  medicine  Dusiness,  the 
whole  fraternity  of  water-wheel  users  rejoiced.  When  he  stated  that  the 
wheels  of  several  loud  talking,  ignorant  men  had  so  passed' out  of  use  that 
they  were  more  likely  to  be  found  at  the  1unk<shop  than  anywhere  else,  and  of 
a  certain  inventor,  who  claimed  his  wheel  gave  135  per  cent.,  that  he  had  no 
doubt  of  his  sincerity,  but  he  had  much  <k>ubt  of  his  intelligence,  there  was 
great  popular  sympathy  with  a  man  who  could  so  fearlessly  say  what  he  thought. 
The  influeiMe  of  his  tests  was  marvelous.  Nine-tenths  of  the  water-wheels 
brought  to  him  that  first  year  only  gave  three-fourths  of  the  power  which  their 
builders  claimed  and  represented  tnat  they  would  give.  At  the  present  time 
all  the  leading  water-wheels '  honestly  give  the  power  they  claim,  and  the 
reason  is  because  Mr.  Emerson  taught  bmlders  to  estimate  power  correctly. 
Then  nearW  all  the  leading  firms  claimed  and  published  that  their  turbines 
possessed  the  same  economy  of  water  at  every  stage  of  ^ate.  None  of  them 
elaim  it  now. 

The  influence  of  these  tests  was  beneficial  to  every  honest  builder.  The  first 
wheel  tested  bv  the  Stilwell  &  Bierce  Manufacturing  Co.  only  gave  68  percent., 
although  they  honestly  believed  it  could  be  relied  upon  to  give  86.  When  tiiiey  dis- 
covert the  truth  they  commenced  experimenting  and  improving  their  wheels 
until  they  gained  records  of  over  90  per  cent.  A  similar  improvement  was 
made  by  Stout,  MiUs  &  Temple,  T.  H.  Kisdon  &  Co.,  the  Holyoke  Machine  Co., 
and  many  others.  The  effect  of  his  tests,  in  the  introduction  of  the  best 
forms  of  water-wheels,  was  also  remarkable.  The  attachment  of  a  plate  to  a 
cylinder  gate  to  raise  and  lower  with  the  gate  and  to  form  the  top  of  the 
station?u7  water  course  was  then  used  by  no  builder  of  prominence.  Now 
o^ery  firm  building  a  cylinder  gate  wheel  uses  it  to  obtain  good  results  at  the 
part  gate.  He  was  the  first  to  establish  the  fact  that  the  discharge  of  water 
through  a  wheel  of  a  given  diameter  could  be  increased  to  double  the  amount 
then  customary,  without  injuring  the  efficiency  of  the  wheel,  and  now  there  is 
hardly  a  prominent  builder  in  the  country  who  is  not  making  use  of  that  dla- 
oovery. 

I  have  not  written  this  article  as  an  eulogy  of  James  Emerson,  but  because 
his  name  is  inseparably  linked  to  the  recent  progress  of  water-wheel  science^ 
like  every  other  prominent  man,  he  was  not  perfect.  The  time  had  come 
when  abetter  water-wheel,  and  more  accurate  information  about  the  weakness 
and  excellencies  of  the  various  systems  in  use,  was  demanded.  Mr.  Francia* 
valuable  f ormule.  upon  which  the  whole  system  depended,  were  a  locked-ap 
mystery  of  little  oenefit  to  the  majority  of  water-wheel  builders.  Location, 
experience,  and  remarkable  fitness  to  the  requirements  of  that  special  work 
made  Mr.  Emerson  the  means  of  creating  such  an  improvement  m  a  certain 
dass  of  machines  as  few  men  have  ever  accomplished. 


205 


Water  Wheels. 

In  treating  of  water-power,  means  for  its  utilization  is  an  important  feat- 
ure to  be  considered.  As  a  motor,  running  or  falling  water  was  used  back 
in  the  earliest  ages  of  which  we  have  authentic  histoiy ;  and  the  various 
devices  employed  for  transmitting  its  power  were  hardly  more  crude  than 
many*  that  are  patented  for  the  same  purpose  at  the  preseut  time.  Volumes 
would  be  required  to  illustrate  and  describe  the  multitudinous  plans  that 
have  been  devised,  but  a  very  few  pages  would  suffice  for  describing  the 
principles  of  all.  Our  country  is  lavishly  supplied  with  this  natural  motive 
power ;  and,  as  might  be  expected  from  a  race  so  energetic,  many  devices 
have  been  produced  for  utilizing  it  advantageously.  I  nave  before  me  the 
copy  of  a  patent  granted  to  Benjamin  Tyler,  grandfskther  of  John  Tyler,  of 
the  well  known  l^ler  wheel,  which  reads  as  follows : — 

By  the  President,  THO.  JEFFERSON. 
JAMES  MADDISON,  Secretary  qfStcUe. 

City  of  Washington— To  wit : 

I  DO  HEREBY  CERTIFY,  that  the  foregoing  Letters  Patent  were  delivered  to  me 
on  the  twelfth  day  of  March  in  the  year  of  our  Xord  one  thousand  eight  hundred  and 
f  oar  to  be  examined ;  that  I  have  examined  the  same  and  find  them  conformable  to  law, 
and  I  do  hereby  return  the  same  to  the  Secretary  of  State,  within  fifteen  days  from  the 
date  aforesaid,  to  wit :— on  this  nineteentli  day  of  March  in  the  year  aforesaid. 

LEVI  LINCOLN.  Atty-Oen.  of  the  United  States. 

Th£  Schedulb  referred  to  in  these  Letters  Patent  and  making  a  part  of 
the  same,  containinga  description  in  the  words  of  the  said  Benjamin  TVler 
himself,  of  the  Wry  Fly,  which  may  be  applied  by  wind  or  water  to  various 
machines,  viz. :  Grist  mills.  Hulling  mills.  Spinning  mills,  Fulling  mills, 
Paper  mills,  and  to  the  use  of  Furnaces,  etc. 

The  Wry  Fly  is  a  wheel  which,  built  upon  the  lower  end  of  a  perpendicular 
shaft  in  a  circular  form,  resembling  that  of  a  tub.  It  is  maae  fast  by  the 
insertion  of  two  or  more  short  cones,  which,  passine  through  the  snaft, 
extends  to  the  outer  side  of  the  wheel.    The  outside  of  the  wheel  is  made  of 

Elank,  jointed  and  fitted  to  each  other,  doweled  at  top  and  bottom,  and 
ooped  by  three  bands  of  iron,  so  as  to  make  it  water-tight ;  the  top  must 
be  about  one-fifth  par  3  larger  than  the  bottom  in  order  to  drive  the  hoops, 
but  this  proportion  may  be  varied,  or  even  reversed,  according  to  the 
situation  of  place,  proportion  of  the  wheel,  and  quantity  of  water.  The 
buckets  are  made  of  winding  timber,  and  placed  inside  01  the  wheel,  made 
fast  by  strong  wooden  pins  drove  in  an  oblique  direction ;  they  are  fitted 
to  the  inside  of  the  tub,  or  wheel,  in  such  a  manner  as  to  form  an  acute 
angle  from  the  wheel,  the  inner  edge  of  the  bucket  inclining  towards  the 
water,  which  is  poured  upon  the  top,  or  upper  end  of  it,  about  twelve  and 
a  half  degrees ;  instead  of  their  standing  perpendicular  with  the  shaft  of 
the  wheeithey  are  placed  in  the  form  of  a  screw,  the  lower  ends  inclining 
towards  the  water,  and  against  the  course  of  the  stream,  after  the  rate  of 
forty-five  degrees ;  this  however  may  be  likewise  varied,  according  to  the 
circumstances  of  the  place,  quantity  of  water,  and  size  of  the  wheel :  over 
this  wheel,  and  exactly  fitted  to  the  top  of  it,  is  a  cup,  or  short  cylinder, 
made  fast  and  immovable  by  timbers  connected  with  other  parts  of  the 
building.    Said  Wry  Fly  may  be  used  with  or  without  said  cylinder. 

BENJAMIN  TYLER. 

P.  Henderson,  .  >  trif*,^,^^^ 

Samuel  Hitchcock,     J  nunesses. 

From  the  description  of  the  Wry  Fly  it  will  be  seen  that,  except  the  chutes, 
it  contained  the  principal  features  of  the  modern  turbine,  the  merits  of 
which  are  due  to  many  minds ;  while  still  greater  skill  is  required  to  bring 
it  to  that  state  of  perfection  it  is  undoubtedly  destined  to  attain.  The 
increasing  importance  of  the  manufacturing  interest  necessitated  the 
improvement  of  devices  for  utilizing  to  the  greatest  possible  extent  the 
water-power  of  the  country.  An  article  suggested  by  the  change  of  wheels 
at  Lowell,  Mass.,  is  here  quoted  from  the  Courier  of  that  city  published  in 
1871. 

"  ISie  removal  of  the  last  in  the  city  (except  two  or  three  on  the  Concord 
River)  of  the  old-fashioned  and  unwieldy  breast-wheels  suggests  to  us  that 
a  chapter  of  information  on  the  hydraulic  motors  now  in  use  here,  and 
the  history  of  their  improvement  and  adoption,  may  prove  of  interest 
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to  all  the  readers  of  the  OourUr  who  take  a  just  pride  in  whatever  aids  Lowell 
to  sutMstantiate  her  claim  to  the  title  of  "  the  first  manufacturing  city  in  Amer- 
ica." And  first,  let  us  glance  at  the  old  style  of  wheels,  of  which  those  now 
being  removed  from  the  mills  of  the  Lawrence  and  Frescott  companies  are  fair 
examples.  These*  generally  known  as  "  breast-wheels,"  are  dependent  fo  their 
useful  effect  simply  upon  the  weight  of  the  water,  admitted  to  the  buckets  near 
the  top,  and  retained  as  long  as  possible,  or  until  nearly  at  the  bottom  of  the 
wheel,  where  its  force  is  spent  and  it  is  discharged.  These  wheels  have  in 
Lowell  been  constructed  of  wood,  and  oi  great  size,  varying  in  diameter  from  13 
to  30  feet,  and  usually  about  12  feet  long.  Wheels  of  this  chws  are  still  in  use  to 
a  great  extent,  and  in  rare  instances  reach  the  enormous  size  of  70  feet  in  diame- 
ter. From  the  starting  of  the  first  mill  (Merrimack)  in  1823,  up  to  the  year  1845, 
when  the  number  of  spindles  was  about  one-half  that  present  running,  the  breast- 
wheels  alone  were  in  use,  and  were  considered  the  most  peifect  in  idl  respects 
of  the  kinds  generally  known.  But  although  held  in  such  high  estimation,  they 
were  very  extravagant  in  the  use  of  water;  for  although  the  proportion  of  the 
useful  effect  ^ven  by  the  wheel  to  the  power  expended  sometimes  reached  as 
high  as  75  per  cent.,  the  average  performance  fell  far  below  this  point,  being  only 
atout  60  per  cent.  And  the  importance  of  overcoming  this  radioAl  defect  Incom- 
ing more  and  more  obvious,  improvements  were  gradually  devised  which 
resulted  finally  in  the  Invention  of  a  class  of  wheels  known  as  turbines. 

The  word  turbine  is  derived  from  the  Latin  turbot  which  means  among  other 
things,  a  top ;  and  also,  the  whirlini?  or  spinning  motion  of  a  top.  The  name, 
though  sometimes  given  a  wider  range  of  meaning,  is  properly  applied  to  a 
re-action  wheel  with  vertical  axis:  The  wheel  itself  is  a  French  invention,  dat- 
ing back  to  1830,  or  thereabouts ;  and  it  was  introduced  iato  this  country  seveiul 
years  later  by  an  eminent  engineer  of  Pennsylvania,  Mr.  EUwood  Morris,  who 
built  and  put  in  operation  two  of  these  wheels,  and  published  the  results  of  his 
experiments  upon  them  about  the  year  1843.  The  advantages  of  the  turbine 
were  found  to  be  mainly,  these;  a  greater  economy  in  the  use  of  water;  adapta- 
tion to  any  fall;  greater  velocity,  compactness  and  durability,  and  that  it  was 
not  obstructed  by  ba<^kwater.  Since  Mr.  Morris*  experiments  there  have 
appeared  before  the  public  almost  innumerable  varieties  of  turbines,  each  inven- 
tor claiming  for  his  wheel  some  advantage  over  all  its  predecessors;  and  up  to 
the  present  time  several  hundred  patents  nave  been  granted  in  this  country  alone 
for  modifications  and  alleged  improvements  of  the  turbine  as  first  invented. 
Many  of  these  wheels  are  quite  popular,  and  are  in  use  in  small  establishments 
all  over  the  country;  but  being  roughly  and  cheaply  made,  none  of  them  have 
yet  been  found  to  compare  with  the  origmal  Foumeyron  turbine  as  improved  by 
the  inventions  of  Uriah  A.  Boyden,  whose  name  is  familiar  to  every  one  who  is 
at  all  acquainted  with  the  history  of  our  city. 

In  1844  Mr.  Boyden  designed  a  75  horse-power  turbine  for  the  Appleton  Com- 
pany's Picker-house,  introducing,  as  has  been  said,  several  changes  of  his  own 
devising.  This  wheel  was  tested  immediately  after  its  completion,  and  found  to 
give  a  usefhl  effect  of  78  per  cent,  of  the  power  of  the  water.  Encouraged  by 
mis  success.  Mr.  Boyden  proceeded  in  1846  with  the  construction,  for  the  same 
company,  of  three  more  turbines  of  190  horse-power  each,  which  upon  being 
similarly  tested  gave  the  remarkable  result  of  a  useful  effect  of  88  per  cent.  In 
experiments  since  that  time  results  have  been  obtained  as  high  as  92  per  cent. ; 
but  it  is  considered  that  a  fair  average  for  these  wheels  is  about  75  per  cent. 
a«rainst  60  for  the  breast-wheels  as  above  stated.  From  the  date  of  the  Apple- 
ton  Company's  adoption  of  turbines,  they  have  come  rapidly  into  use;  being 
sobstitated  for  the  clumsy  affairs  first  used  as  fast  as  the  latter  became  unser- 
viceable from  wear  and  decay. 

One  of  the. advantages  of  the  turbine,  as  already  stated,  lies  in  the  fact  of  its 
occupying  so  much  less  space,  in  proportion  to  the  power,  than  any  other  wheels. 
And  this  will  be  more  fully  realized  when  it  is  considered  that  there  are  in  actual 
use  for  manufacturing  panoses  turbines  of  only  6  inches  diameter  ;  and  though 
these,  it  must  be  owned^  ai?e  rare,  those  of  10  and  12  inches  are  not  unfrequently 
met  with ;  usually  operating,  however,  in  localities  where  the  amount  of  water 
is  limited,  while  the  fall  is  considerable.  Of  the  70  powerful  turbines  in  use  in 
tiie  mills  of  Lowell,  the  smallest  has  a  diameter  of  5*,  and  the  largest  of  11  feet, 
and  the  capacity  of  a  single  wheel  reaches,  in  several  cases,  675  horse  power. 

*Atthe  tinra  tb» foregoing  was  written  there  were  many  turbines  In  use  at  Lowell  of  less  diameter 
than  5  feet,  though  perhaps  none  of  the  Foumeyron  style ;  since  that  time  the  large  companies  there 
hare  taken  tho  Swun  torbine  in  preference.  The  fbllowing  article  gives  the  origin  of  the  Foomoy 
ron  wheel,  and  vdll  enable  the  reader  to  consider  Mr.  Bojden'a  claim  as  inrentor,  onderttandlngljr. 
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The  wliole  oower  jRtven  hy  the  faU.  of  tiie  Merrimftck  »i  LoweU*  of  sa  feet,  is 
eetimated  at  about  10,000  horse-power,  the  entire  amount  of  which  is  ahready 
leased  to  the  corporations.  In  addition  to  this,  there  are  in  the  mills  81  steam- 
engines,  fiimkhing  5000  horse-power  additional ;  and  besides  these  sonrces  there 
are  the  three  £sUs  of  Concord  Biver,  the  power  of  which  we  have  no  means  of 


'^Foumeyron  Wheel. 


[AElracI  /iwn  a  lYtaUte  on  th4  power  of  toolsrv  by  Jo&eph  Glynn,] 

M.  Fonmeyron,  who  be^an  his  experiments  in  1828,  erected  his  first  turbine  In 
1827,  at  Pont  sur  I'Ofipon,  in  France.  The  result  far  exceeded  his  expectations, 
but  be  had  much  i^rcyndice  to  contend  with,  and  it  was  not  until  1884  that  he  OMI- 
structed  another,  in  Frauche  Comt^  at  the  iron- works  of  M.  Caron,  to  blow,  a 
famace.  It  was  of  7  or  8  horse-power,  and  worked  at  times  with  a  fell  of  only 
9  inches.  Its  performance  was  so  satisfectory  that  the  same  proprietor  had  after- 
wiunds  another  of  60  hoi'se-power  erected,  to  replace  2  water-w)>eeU,  which 
together,  were  equal  to  80  horse- power. 

The  fell  of  water  was  4  feet  8  inches,  and  the  useM  effect,  Taried  with  the 
head  and  the  immersion  of  the  turbine,  65  to  80  per  cent. 

Several  others  were  now  erected :  2  for  falls  of  7  feet ;  1  at  Inyal,  near  Gisors, 
for  a  fall  of  6  feet  6  inches,  the  power  being  nearly  40-horse,  ou  the  riyer  Spt^, 
expending  35  cubic  feet  of  water  per  second,  the  useful  effect  being  71  per  cent, 
of  the  force  employed. 

One  with  a  fell  of  63  feet  gave  75  per  cent. ;  and  when  it  had  the  full  head  or 
column  for  which  it  was  construeted--namely.  79  feet-4ts  useful  eflfect  is  said  to 
have  reached  87  per  cent,  of  the  power  expended. 

Another,  with  126  feet,  gave  81  per  cent.;  and  1  with  144  feet  feU,  gave  80 per 
cent. 

At  the  instance  of  H.  Arago,  a  commission  of  iniralry  was  instituted  by  the 
Government  of  France,  for  examining  the  turbine  of  Inval,  near  Paris,  the  total 
fall  of  water  being  6  feet  6  inches,  as  nas  been  before  menti<med.  3r  putting  a 
dam  in  the  river,  below  the  turbine,  so  as  to  raise  the  tail  water,  and  diminish  tae 
head  to  3  feet  9  inches,  the  effect  was  still  equal  to  70  per  cent. ;  with  the  head 
diminished  to  2  feet,  the  effect  was  64  per  cent. ;  and  when  the  head  was  reduced 
to  10  inches,  it  gave  58  per  cent,  of  the  power  expended,  notwithstanding  the 
great  immersioD  of  the  machine. 

In  the  year  1837,  M.  Foumevron  erected  a  turbine  at  St.  Blasier  (St.  BIai»e.) 
in  the  Black  Forest  of  Baden,  for  a  fall  or  column  of  water  of  72  feet  (22  metres) . 
The  wheel  is  made  of  cast-iron,  with  wrought-iron  buckets ;  it  is  about  20  inches 
in  diameter,  and  weighs  about  105  pounds ;  it  is  said  to  be  equal  to  56  horse- 
power, and  to  give  an  useful  effect  equal  to  70  or  75  per  cent,  of  the  water  power 
employed.  It  drives  a  spinning-mill  oelonging  to  M.  d'Kichtal.  A  second  tur- 
bine, at  Uie  same  establishment,  is  worked  oy  a  column  of  water  of  108  metres, 
or  354  feet  high,  which  is  brought  into  the  machine  by  cast-iron  pipes  of  18 
inches  diameter  of  the  local  measure,  or  about  U^  inches  Eng^lish.  The  diame- 
ter of  the  water-wheel  is  HJ4 ,  or  about  13  inches  JBnglish,  and  it  is  said  to  ei^peud 
a  cubic  foot  of  water  per  second;  probably  the  expenditure  may  be  somewhat 
more  than  this. 

The  width  of  the  water-wheel  across  the  pier  b  .225,  or  less  tlum  a  quarter  of 
in  inch.    It  makes  from  2200  to  2300  revolutions  per  minute ;   and  on  the  end  of 

«TIm  Toumeyron  wheel  recefvei  the  water  from  the  Uidde,  discharging  It  outwards.  The  gate,  a 
lUa  iMop  eoaiewhat  deeper  than  the  wheel,  U  placed  between  the  cluitca  and  wh^l,  and  t>  opened 
bj  being  miaed  With  such  an  amiogement,  eeonomlcal  part  gate  results  are  Impossible ;  and  M. 
Foofnejrron  and  mai^r  others  hare  made  the  wheel  with  mTisions  in  the  buckets  as  shown  in  the 
liaeAdam  plan.  The  **  quarter  turn  **  of  the  Holjoke  Haehlne  Co.  is  the  inrentioii  ot  Mr.  Bojrden. 
Mat  Ai^T  plaoes  tlw  wiwet  at  tiie  small  and  of  a  rerl^eal  cone-shaped  tube.  Valentina  and  othefs 
hare  placed  it  in  scroll  and  various  kinds  of  curbs.  It  has  been  conatmeted  so  as  to  leeeive  th* 
water  ttam  below  bj  many  parties.  It  has  been  made  \/Hth  register  gate  inside  of  chutes,  between 
chutes  and  wheel,  and  in  one  case  in  n^  experience,  wltb  two  register  gates,  one  Inside  of  chutes,  the 
odtor  outside  of  wlieel.  It  has  been  made  with  short  straight  chutes,  alsa  \<mg  onrved  oaea.  It  has 
been  aospended  hj  the  upper  md  of  its  shaft  in  Taiious  ways,  instead  of  lesttng  npon  a  atop.  It 
has  b«en  made  of  fawn  in  the  eoaxsast  and  dieapeat  style,  and  of  bronse  at  an  snonnovs  oost.  It  IMS 
iroT«d  as  Twisbls  In  qstfel  «0Nt  m  sagr  •f  tbs  otbor  kiads  of  tarMnts* 


remolo;  but  Uie  praclioBl  maoufacturer,  who  has  Lis  owq  bills  lopny,  lel'i' 
of  the  populH  plans  represent"  d^n  this'  work,  may  be  made  far  superior  in 

,>^..».„.» — »    „, t_ir^.„ _       T* .: A   •^"- i- -^—i^g  ^lelj  io  this  \ow 

■pect  perfection  c 
to  pay  a  fair  price,  and 


_,    __ ^  ._ , aers  become  autadentlj'  »wi 

knowing  ciMlly  ivhut  the  Tcry  wbcpf  iSal  i*  to  be  pi 

«ccepting  it.    Tbo  same  qualiij  of  workmanahip  wllT  i 
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the  spiodle  mr  upright  shall  of  the  turbine  is  *  beTelled  pinion,  of  10  teeth,  work- 
inir  into  twvwheeb,  on  the  fight  and  left,  each  of  ^H^ch  has  900  teeth.  These  giro 
motion  to  the  machinery  of  the  faeUnjf  and  driye  8,000  water  spindles,  roTing 
frames*  caiding  engines,  cleansers  ana  other  accessories.  The  nseftil  effect  is 
reported  to  be  fhun  W  to  85  per  cent,  of  the  theoretical  water-power.  The  water 
as  filtered  at  the  reserroir  before  it  enters  the  conduit  pipes ;  and  it  is  important 
to  notice  this,  since  the  apertures  of  discharge  in  the  wheel  are  so  small  as  to  be 
easily  obstructed  or  choked. 

The  water  enters  the  buckets  in  the  direction  of  the  tangent  to  the  last  element 
of  the  flpaide-curres,  which  is  a  tangent  to  the  first  element  of  the  curred  buck- 
ets. The  water  ought  to  press  steadily  against  the  curred  buckets,  entering 
them  without  shock  or  impulse,  and  quitting  them  without  Telocity,  in  order  to 
obtain  the  greatest  usefhl  effect;  oiherwise  a  portion  at  the  water^s  power  must 
be  wasted  or  expended,  without  produdnK  useful  effect  on  the  wheel. 

It  is  difflcolt  to  imagine  that »  machine  so  small  as  this  can  give  motion  to  the 
works  of  a  eottim  mill  on  so  large  a  scale.  Professor  Buhlmann  says,  that  when 
he  saw  it  actaaUy  doing  so,  he  could  not  for  some  time  credit  the  eyidence  of  his 
senses;  and*  atthough  he  went  purposely  to  examine  it,  his  astonishment 
prevented  himfimm  couqprehending,  in  the  first  instanoe,  that  the  &ct  was  really 
as  it  appeared. 


The  Jonval  Turbine 


[JVom  J*  JT.  SU9enmm?§  CIrvMlar.] 

By  feilnrring  to  our  certificate  on  another  page,  it  will  be  seen  that  it  Is  impossi- 
ble to  LH— Itiict  a  turbine  greatlv  to  exceed  In  useful  effect  a  **  Jonval,*'  when 
properly  eonstmeted  and  well  finished;  and  by  reference  to  the  table  of  experi- 
ments here  inserted,  it  will  be  noticed  that  the  efficiency  of  the  Jonral  turbine 
depends  not  upon  the  name  "Jonyal,"  neither  upon  the  simple  fsct  that  one 
wheel  is  placed  above  another— as  flrom  6  Jonyals  tested,  but  OHi  gave  00.77  per 
cent.,  that  being  the  one  made  byu$;  whereas  one  other  save  only  S0.34  per 
cent.,  the /dwcH  o/ oU  lesled.  And  why  this  difference?  Simply  because  one 
bniMer  knew  what  he  was  doing,  and  the  other  did  not.  ■  There  are  many  partii  s, 
purportinfT  to  mannfarture  the  Jonval  turbine,  who  state  in  their  drculars  that 
**  at  »  trial  of  turbine  wheels,  at  Fainnount  Water  Works,  at  Philadelphia,  in 
18dO  and  1800,  the  Jonyal  wheel  gave  the  highest  peroentu^  of  all  tested;" 
and  ther  would  have  the  public  beueve  that  with  their  rough,  unfinished  cast- 
ings, ciude  and  bu^st  curves,  of  whatever  form  they  may  happen  to  be,  th^ 
give  uls  wonderfhl  result,  when  none  of  them  possess  more  than  one  feature  of 
the  JoBfval  turbine;  and  these  experiments  show  that  a  "  Jonval,"  made  by  a 
man  c€  experieoee,  and  tested  under  the  most  favorable  circumstances,  gave  the 
poareM  re&uU  ^  00, 8imi>ly  because  he  fiuled  in  the  application  of  the  principles 
embodied  in  its  construction. 

The  following  is  a  table  of  the  experiments  at  the  Fairmount  Water  Works,  at 
Philadelphia,  in  1859  and  1800,  as  taken  from  the  report  of  the  Chief  Engineer. 
The  table  exphdns  itself. 


at  •  4iM  of  water  wheels,  at  Fdraioaat  Wofks,  br  order  of  tbo  Select  and  Oommon  CoaaeU  of 
the  Cl^  of  miadelphla,  a  Jonval  tuMne,  made  bj  '*  J.  B.  StareBion*"  of  Patereoa,  New  JerMv, 
waa  tooled  Mardi  wii,  1800,  and  prodnood  a  co-efllelont  of  neeftil  efltoct  of  .8777  per  oent.  under  the 
following  cfrewDstanee  :  9S5  peonda  were  rafaed  S5  feet  by  70.S5  cubic  feet  of  water  under  a  bead 
and  fell  of  6  feet.  To  dria  moat  be  added  OefHetloB  of  the  tnuuaaittins  machinoiy,  — *«"vft^  at 
8  per  eeat.,  T"f^'fg  a  total  oaeAil  eflbet  of  .9077  of  the  power  employed. 

O.  H.  P.  PABKKR, 

ChabrwuKm  oftkt  Watur  Com, 
(8BAI.  ov  cnr.) 

HBimT  P.  H.  BIRXIKBIIIE, 

Chief 


In  atteatation  of  the  abore  rignturea  of  O.  B.  P.  Ptuker  and  HeniT  P.  M.  Blifcfaibfa»,  I  aot  n^y 
liand  and  lUBx  the  faal  of  tlie  Cl^  of  nOladelphia,  thia,  3rd  day  of  April,  1800. 

ALEXANPBB  HENBT, 
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Jonval  Wheels,  with  Variations. 


BODINB  JONVAI- 


BtJK,CK:STOMB. 


1 


HOUSTON.  CURTIS.  DE1.PHOS. 


CASa.  VANDSWATER>BURNHAM. 


^^5 


T^tde  .of  BxpACimeitlB. 


OF 


8t«T«iiM>B's  3nd  wheel 

Gcrrelin's  Slid  wheel 

Andrews  A  Kalhftch's  drd 

wheel 

ColiinB'  2nd  wheel 

Andrews  4  Kftlbsch's  Snd 

wheel 

Smith's  Parker's  4th  trial... . 
Smith's  Parker's  3rd  trial ... 

Stevenson's  Ist  wheel 

Bbkke 

Tyler 

G«7elin's  1st  wheel 

Smith's  Parker's  2nd  wheel.. 

Merchant's  Goodwin 

Mason's  Smith , 

Andrew's  1st  wheel 

Bieh 

lattl  epage 

Monroe 

Collins*  1st  wheel 


8per  et. 

Kind  of 

Pwecnt. 

addod 

W1m«1. 

of  oflbul. 

for 
Metloa. 

Jonyal. . 

.877T 

.9077 

JonTal. . 

.8210 

.8610 

Spiral. . . 

.8107 

.8407 

Jonval. . 

.7872 

.7972 

Spiral... 

.7691 

.7891 

Spiral... 

.7509 

.7869 

Spiral... 

.7467 
.7te{6 

.7767 
7635 

Scroll. . . 

.7169 

.7469 

Scroll... 

.7123 

.7423 

Jonval.. 

.6799 

.7099 

Spiral... 

.6726 

.7026 

ScroU. 

.6412 

.6712 

Scroll... 

.6324 

.6124 

Spiral. . . 

.6205 

.6505 

Scroll... 

.6182 

.6432 

Spiral... 

.5416 

.5715 

Scroll... 

.5359 

.5650 

Jonyal.. 

.4734 

.5034 

Wliera  Baflt. 


Paterson,  N.  J. 
Philadelphia,  Pa. 

Bemyille,  Pa. 
Troy,  N.  Y. 

Bemyille,  Pa. 
Beading,  Pa. 
BeadinK,  Pa. 
Paterson,  N.  J. 
Bast  Pepperell,  Mass. 
West  Lebanon,  N.  H. 
Philadelphia,  Pa. 
Beading,  Pa. 
Onilford,  N.  T. 
Boffalo,  N.'T. 
Bemyille,  Bs. 
Salmon  Biver,  N.  Y. 
Austin,  Texas.  - 
Worcester.  Mass. 
T^y,  N.  Y. 


Turbine  builders  may  object  to  my  dassifteation  of  the  yarions  wheels  repre* 
sentcd  upon  the  opposite  page;  but  because  M.  Jonyal  defined  certain  lines  for  a 
tnrbine,  he  no  more  proyed  that  those  lines  coyered  the  principle  than  he  would 
hare  proved  that  the  osly  place  to  walk  upon  a  street  is  exactly  three  feet  from 
its  centre  on  a  line  parallel  therewith,  had  he  defined  such  a  line.  The  wheel 
itself  was  common  and  known  as  the  Tub  wheel.  Two  wheels  made  upon 
the  Wry-Fly  specification,  placed  one  above  the  other,  would  have  covered  the 
I^Mi  of  M.  Jonval;  placing  a  fixed  wheel  above  the  wheel  proper  would 
have  little  originality  unless  done  before  any  other  builder  had  made  an  applica- 
tion of  «fautes  to  turbines.  The  experiments  of  D.  P.  BlAckStdne»  show  plainly 
that  the  vertical  part  of  the  buckets  of  the  Vandewater-Bumham  wheel,  rep^re- 
sented  with  the  others,  is  of  little  practical  utility;  indeed,  the  vertical  part  of 
such  bnekets  have  often  been  proyed  to  be  decidedly  injurious.  Wheels  con- 
stmcted  in  that  way,  however,  render  it  more  convenient  to  apply  the  water 
economically  at  part  gate.  Many  plans  for  gates  haye  been  tried  Mrith  the 
Jonval,  bnt  nime  that  has  not  in  some  way  proyed  objectionable.  Many  have 
been  made  without  any  gate,  simply  letting  the  water  on  from  the  head  gate  of 
flume.  Geyelin  of  Philadelphia  has  a  telescopic  tube  below  the  wheel,  the  bot- 
tom thereof  being  lowered  to  the  apron  beneath,  in  order  to  stop  the  water. 
Wicket  gates  haye  also  been  tried  in  a  tube  below  the  wheel,  but  both  plans 
cause  an  extravagant  use  of  water,  unless  the  wheel  nms  at  whole  gate.  "  Out- 
side register  gates "  are  the  most  common ;  these  also  render  it  impossible  to 
economize  water  at  part  gate.  The  inside  register,  like  that  of  Gates  Curtis  is 
far  better  in  that  way,  bul  like  the  other  register  gates  it  works  hard.  Down- 
ward discharge  wheels  were  objected  to  because  they  were  supposed  to  press 
heavily  upon  the  step ;  such  au  idea  could  only  have  gained  a  place  through 
very  superficial  reasoning,  for  if  75  or  80  per  cent,  of  the  weight  of  the  water 
foroed  the  wheel  ahead,  the  balance  of  the  weight  could  only  press  down  upon 
the  step,  whether  downward,  central  or  outward  discharge. 
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Psrpetnal  Hotton. 


Tof  icM  put  tb«  tban  IdM  hu  bun  th«  oonttuit  drnm  of  >  Mrtaln  gUm  ef 
miodi,  nod  u  u  prtrdoil  to^TutaUw  n*t.  To  ■vrsinch  miiids  Athd  Ihe 
troobla  of  n-iBToMlBK  for  tfa«  tbaoModtb  fiaa  Iba  naw  old  mmiBt  dnlna,  ■ 


fSv  of  the  mnil  mnuMW  u«  bere  HindtiMl;  lUoNnUtd  to  jhmr  tboM  «Hued 
IB  waeh  cSnu  Uwt  their  plu*  an  old.  It  la  tfhn  riunlBc  tbM  neb  hT^uUo 
geniiua  ilmiMt  IdthI^i^  Klec*  Uu  p«ereM  kind  of  whHlito  b*  coMbbwd,  in 
order  lo  r«(  ITS  per  teat,  tmm  » doahie  ■«  nt  lira  mtn.  Ota  plan  of  Mr. 
Jonea  onlr  eontemplated  Inereaaed  avdtj  tor  dlamelsr  aod  iNBt  gala  aogMoj, 


OoOFge  H.  Jons*,  Aubum,  M,  T. 


"Omenht^  Ou^Ktget  il*  watar  Ininrd,  dMnnraid  and  ontward,  and  dih 
dkarni  *a  mmb  iaward  u  uiy  ceucnl  diadia^e  wlwsl  of  aama  dianHter:  u 
noeo  ontmtrd  u  a  Fonmeyron,  and  downward  aa  mndi  aa  tm  Jonval,  t 

TlKTe  il  notlha  *1iRfal«>l  reaioo  to  doabt  the  aldllCT  of  inchdeTiea  I 
ao  abaadanoe  of  wMeri  Inil  ymt  af  eiparienee  and  denoHatTationa  of  meam 
teat4  proTB  beroDd  chancs  for  diapqca  that  all  doald«  airan^enieDti  ai«  kai 
sflectlTe  than  limple  iilngle  turbinea.  Variooi  kloda  bare  been  teelcd  and  iiiTa- 
liablTwith  the  bbdib  rcBnIts:  the  einirle  wheel  ha*  proved  the  Iku  In  every  war. 
Tbt  Letfel  turl>iiie  has  been  condnued  In  tta  orijciaal  form  tlmpi j  Ijeeaaae  all  the 
elaimi  hiDn  upon  tha  oae  of  the  donhla  wheel,  and  lo  gire  up  tliat  woold  InraU- 
date  the  whole  patent. 
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Doable  Wheels. 


ICO.  Buker  Hill  dIuhugliiK 
IdIo  b  FournflTTOD  wheel;  con- 
nected br  geua  Mme  u  Wvn. 

■- " orimof  tba 


uected  bj  gaan  n 
koop:  null  gaz  i 


«? 


lein?  coDiiecKd  tognher 


asrx 

"ti^tii 

■  with  npper  wheel,  lower 

wheel  tmoTed.^ 

TeU  or  Dpper  wheel  wiLh  lover             leal  of  Ibe  two  wheel*  comucted 
wheel  lemoTed.                                           b^  Bean. 

Hud. 

H.F. 

Cobio 

Bead. 

H.P. 

Cent. 

1»M 

«.M 

S63.0* 

Mli 

18^ 

4.97 

S2Ii.U 

.Mas 
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Zi«  3D.    W  y  JM  JCOGGP'S 

Double  Power  Water  Wheel 

Patented  Jmmnmry  8O9 1MA> 
f  •• 

In  this  improrement  we  haye  a  deyloe  for  oQmbinliiff  wheeb  dilTen  by  Uia 
f  oroe  of  mnmng  water,  and  aleo  by  the  weight  of  the  miid.  both  acting  in  the 
■ame  direction,- and  the  latter  using  the  waier  whloh  has  already  given  power 
to  the  former. 

ng.  1  shows  the  external  appeaianee  of  the  case  of  the  wheeLand  Fig.  2 
the  two  motors  with  their  gearing.  The  stream  is  reoeived  at  A,  rig.  1,  and, 
by  the  spiral  form  of  the  case,  is  forced  to  reoelTe  a  rotary  motion  as  in  the 


common  Tarbine.    This  water  acts  directly  on  the  backets,  B,  Fig.  2,  which 

r.    They  are  connected  to  a  hollow  shaft,  which  carries 


radiate  from  the  center. 


the  la»e  bevel  gear,  C,  gearing  into  the  pinion,  D,  on  the  hoiizontal  shaft. 

Fsstmig  Hiyoiufa  the  inside  of  this  main  shaft  is  the  shaft,  E,  to  which  the 
seroU  wheel,  F,  u  secured  at  the  bottom,  and  a  bevel  gear,  smaller  than  C.  at 
the  top.  This  gear  meshes  with  the  pinion,  Q,  on  the  horixontal  shafL  After 
the  water,  by  Its  rotary  force,  has  done  its  work  on  B,  it  falls  and  operates  F, 

eig  it  twiee  the  speed  of  B.  By  this  combination  we  daim  that  this  device 
twice  the  power  of  an  ordinary  wheel  with  the  same  weight  and  f oree  of 
water.  It  has  been  tested  by  praetical  men  with  even  greater  resolts.  lliere 
is  now  one  of  these  wheels  in  successful  operation  in  the  machine  shop  of 
Messrs.  Clapp  St  Hamblin's,  of  this  Cify,  who  have  the  exclusive  rufht 
for  the  manufacture  of  Uie  same  in  this  State,  and  the  ^blic are  invitedto 
call  and  test  it  for  themselves.  The  proprietors,  L.  D.  Wynkoop  and  S.  P. 
Stone,  are  now  prepared  to  negotiate  with  any  responsible  parties  for  the 
lig^t  to  manufacture  ihe  same  in  any  State  of  tne  Union.  In  offering  this  to 
the  public,  we  are  aware  that  the  ery  of  humbug  will  be  made,  but  we  guaran- 
tee all  we  claim  for  it,  and  we  wish  no  one  to  engage  in  it  until  he  Is  satisfied 
that  what  we  claim  is  true.   Any  inquiiies  adcuessed  to  the  proprietors,  at 

Owosso,  Mich.,  will  be  promptly  attended  to,  

L.  D.  WYNKOOP. 
S.  P.  STONB. 

We  the  undersigned  have  seen  the  Wynkoop  Wheel  in  operation  and  be- 
fieve  it  to  be  all  the  inventor  claims  for  it. 

J.  B.  BABNES,  Mayor,  JAMBS  W.  STBDMAN, 

A.  BABTLETT,  City  Marshal,  P.  M.  ROWELL, 

£.  D.  QREGORY,  J.  H.  GHAIC^N, 

C.  W.  OLAPP  &  CO.,  EDWARD  SMITH,  M«i.Wi.lffc 

D.  R.  STONE,  A.  J.  PATTERSON^ 
N.  MoBAIN,  C.  A.  BALDWIN, 
GREEN  ALEE.  EdHozs^Praas,"       E.  SAMBURY, 
DANIEL  LYON,  H.  S.  GALUSBGE, 
WmJAM  FLETCHER^  C.  OSBURN. 


OSBTIFiOATB ; 

0*From  the  experiments  performed  with  the  Wynkoop  Wheel  In  the 
Foundry  of  Messrs.  Clapp  &  Hamblin  of  this  city,  I  And  it  to  utiliie  more  tlMa 
176  per  cent,  of  the  absolute  weight  of  water  used;  probably  nearer  900l 
nils  I  regard  as  no  violation  of  the  principle  laid  down  m  our  natural  philoa- 
ophy,  viz:  that  no  wheel  can  be  invented  which  will  utilise  100  per  cent.,  as 
the  wheel  in  question  is  not  a  single  one,  but  such  a  combination  of  wheels, 
as  ean  not  fail  to  give  a  vast  increase  of  power. 

I.  G.  COCHRAN,  Principal  of  Owosso  Union  SohooL 
HENRY  GOULD,  Millwright*  Owosso  City, 
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WYNKOOP'S 


goUBLE    pOWEE;    ^/TER    ^HLEU 
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The  Economy  Water  WheeL 


We  offer  s  clslJenBe  of  tlOOO  to  the  eoantr?  lo  pn. 
dnee  ■  Totbioe  Water  Wheel  of  same  diameter  nud  onder 
ume  nil  tbit  will  fomlab  oD&-lulf  as  much  power  H  one 

Fulton,  Myers  &  Co., 

Kiti  unnucniBiu, 
IndlaDapolis,  iRd. 

TUB  Oreat  Oompouud  I.-X.-l!^^      ut  Auim  m  .  piuui  p^i«  „d  ■ 
Turbine  Water  Wbeels.  S^i^i^il^Sf^L^ttSr^iS^' 

lh.tMlU»ll«l.llBl.,„«talllb,p«,„ 


ntOm  uqw  wliMI  iqunlru  rfttlualnh 

bUdnwHk  BUI  jrUbt  (bnt  C^adiTiiir  tbi 

U  d^imln  u  tfpcJli  AkOsb  toann 
nndn  thU  inking  IM  ftns  of  ik>  ^ 


_     AlM'j  Un*r   Sprblff   TViOftMBt. 

IMl  li  u  caiUh.  tli>l  iln  oBJcnlcMd, 
ntllen  tud  Bainwri«lilg  of  JtoeUnahani,  mr* 
UOECt  •!  tin  IcianiT  OM  at  3.  Hmidri 
ana;  CDibpannd  1.-]C,-L, D«b1*  BJAhiiuvd 
Lett  HgMdjiB  Tnrblsi  Wmur  WhMd^'ud  w< 
•n  b^  b»  lOT,  IhBT  fhz  «CHdAd  fn  atat 
■mffatn*  MModitlini  by  dol»  fln^-mrt 
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Bffloienoy  of  Turbines. 


In  nporllng  liie  ^ffieJency  of  the  many  water  wheels  bronght  to  be  tetted  dnr- 
big  the  patt  ten  yean,  it  has  been  a  rerj  difficnlt  matter  to  suit  all  that  have 
been  interested,  yet  no  bnilder  b«  erer  ezpresied  a  doubt  that  any  other  boilder 
has  erer  received  a  less  Jkrorable  report  tiian  he  desenred;  bat  in  their  own  par- 
ticolar  case  something  a  little  more  favorable  should  hare  been  ndd.  or  some- 
thing unfiiTorable  left  unsaid.  Thousands  have  asked  my  advice  in  turbine 
matters,  and  many  hundreds,  if  not  thousands  of  turbines  have  been  selected 
upon  the  advice  given ;  yet  not  a  single  complaint  has  ever  been  made  that  the 
wheel  recommended  proved  nnworthy  of  the  recommendation,  nor  in  the  ten 
years,  has  a  wheel  that  I  have  reported  poor,  proved  by  practical  use  to  be  frood. 
Time  will  determine  whether  my  opinions,  statements  and  reports  relative  to 
turbine  matters  have  been  well  founded,  and  to  that  decision  I  am  willing  to 
tmst. 

In  making  up  the  following  reports,  my  purpose  has  been  more  to  aid  builders 
In  selecting  the  best  plans  than  to  sell  wheels  constructed  upon  uiy  of  those 
now  existing;  to  do  so,  requires  a  knowledge  of  the  lowest  as  well  as  of  the 
highest  results  obtained  by  test  of  each,  and  such  are  given. 

The  extreme  variations  in  the  results  obtained  from  every  kind  tested,  should 
convince  purchasers  that  there  is  no  certain  way  of  procuring  a  good  turbine 
otherwise  than  by  testing,  before  acceptance,  as  they  would  do  if  purchasing  a 
horse. 

The  wheel  of  B.  J.  Barber  might  properly  have  been  placed  in  the  group  with 
the  Wynko<^  and  others  of  that  class^not  that  Mr.  Barber  believed  in  perpet- 
nal  motion  or  176  per  cent,  wheels ;  but  he  believed  that  an  unexpended  force 
remained  in  the  water  discharged  by  any  single  turbine,  and  that  that  force 
could  be  utilized  by  adding  a  second  wheel  below  the  first.  His  plan,  however, 
cftrrled  out  aa  shown,  simply  produces  the  ordinary  downward  discharge  wheeL 
Mr.  Barber  erred  in  using  the  central  discharge  at  all,  for  much  better  results  are 
possible  with  the  plain  downward  discharge  than  can  be  obtained  from  the  cen- 
tral, or  his  eombinatioB. 

The  other  wheels  with  double  disohargi,  reported  in  the  following  pages,  such 
as  the  Swain,  Leffel,  Eclipse,  Angell,  Walsh  and  others,  were  so  constructed, 
nnder  the  expectation  of  obtaining  increased  capacity  for  a  given  diameter, 
but  a  eompariaom  with  the  capadty  of  reoent  plans  will  show  that  such  expecta- 
tions were  not  well  ibimded* 


A.  M.  Bwain,  North  Ohelmsford,  Maaa. 


SWAIN   TORBIHB. 

Ons  of  the  uriier  high  cliua  «hMl»,  nudo  wilb  mMir  bucket!  ud  null  open. 
Ingt,  piKed  Id  "  qnutu  torn  "  or  "  flnnw  cnrb."  Mr.  Sv^n  hid  mnch  to  do 
ftboDt  atmrting  tha  tuHn^  ■v*tem.  Qnite  >  number  of  tbeie  whula,  rMUfibf  is 
lilt  from  18  to  42  Inches  in  dluneCer  have  been  tested. 


TnCotaSl.ineh. 

Head. 

Weight. 

ntoliw' 

H.P. 

Cobic 

fuet 

& 

Thole  Oms 

F«tJ3«M.... 

K.3S 
KM 

SM 
S7& 
330 
lU 

to. 

Si 

23H 

-SOTS 

.TW3 
.7611 



C.  B.  Walsh's  Double  Torbine,  Waupaca,  Wis 


TeMof 

»  as.inch  whteL 

Tot  of 

■.  liioch  »hwL 

dib.(t.,P.rCt 

uub  n. 

sa 

10^ 

ta 

8.M 

410 

i.» 

SST 

.SIB 

e  Wtie«I,  TTpbam  Maoblna  Oo.,  Olaremont,  N.  I 

TeM  or  X  M-ioch,  Sept.  17,  im. 


Hud. 

Weight, 

^=r 

H.P. 

Cnbie 
ttet. 

Cm. 

WbolsGmtc, 

P«rt«»M 

18.09 

ibIm 

1 

i4aji 

^40 
30.88 
20.S1 

1 

.8201 

n       "       

« 

laO          SOT            11 .18 

76       ao6          e.ea 

aoi.46 

PmG««,..' 

:mw 

Ssmevhe 

«l,bock.t.h.T>IMCb«DCllippid. 

18.SJ         80          801            T.«« 

323.60 
MS  18 

18.84         860         218          ».18 
18.M          186         130          la^ 
1B.M         1U         XKA         9M 

682.36 
488.88 

PartGBte, 

.sou 

BecoDd  Mat  o 

»m.,buek.ubTU.sb».>chipp. 

18^       aat       SM.S      UM 

18.ei         100    1    2SI.6         7.20 

<nL86 

.8810 
.4810 

T( 

lot.48.toeli.0.t.6.18T  , 

Whole  OMe, 

P«tG.t....'. 

ii.oe     1100 

10.63         TOO 

88 

40.XG 
28.41 

3201 M 
2364.11 

i82r.s» 

.ao» 

.6688 
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Ferry  Turbine. 


Psny  A  Taylor,  BHdgton,  Malna. 


provided  thenuplvei  wllh  apparalua  for  lesiing 

h^whee 

before  de 

ver,.™i 

Bept.l,19n. 

Hejul. 

pS.. 

c^.r. 

Whole  G«e 

13.12 
13.12 

13J3 

24j.a 

11 

11 

.S288 

"       

.8382 

13.22 
13133 

Bi 

aiis 

leiiai 

;;    ;;    

.T03» 

1.T8 
1.7T 

IM* 

116.7 

2ll!59 

im2s 

.8280 

;;     :;   

.8440 

11.88 

2,09 

T2M 

&1.6 
3» 

"    "   :::::::::::::: 

.&88I 

0.  Or.  MuUikin,  Lansing,  Iowa. 


Teil  of  irlied,  2»  inches  in  dismeWr. 

Bueketa  eu 

loline 

S.  third  tert. 

crewn"pl«"."nTflifh/'bor/*of'(!orb. 
(The  Bnl  test  in  ill  oAhi.  ublcn  is  nt 
whole  Rtte ;   the  othe ra  it  pari  icitss.) 

ib!« 

138 

W.71      1389 
ia'.zi      1671 

.7881 

18.&1 

m'.i 

S8e!Hi 

1 

.MOB 

ISM 

But. 

ii;S 

isin 

i 

32.71 
10.48 

1188 
108 1 

811 

'.1740 

'.Mm 

The   neit  trinl   wat    with   a  44-lnch 

Ueul. 

Bcv.  1  u.  p. 

b-eeige 

Pei^gB 

iw 

i| 

7M 

:flTS4 

18  ar 

19  JO 

s» 

I6;aa 

.4M1 

Theb 
line  Di« 

uckeli  were  then  cu[  swsr  to 
fcod2,andnBain(e«ed. 

Bucket!  of  28.iD 

ch  chipped  >o  line  S.ud 

u.  p. 

Per-tge 

Btv. 

Ciib.il. 

Pert*. 

181T 
18  .M 

m'A_ 

M.Tl 

1021 

'.im 

is!*) 

78 

30.70 
28.31 

it!m 

1074!5S 

.7303 
.7077 

!«8«6 

.69*7 
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OoUina'  WheeL 


ManuAiotuMd  by  J.  p.  Collina  A  Co^  KorwklitCMn. 


[Fscni  >T  Tauann  AranuL  BnoBi.] 

Ii  laed  In  TapntaUon  mad  onlj  nude  to  order.  Jl  244nefa,  bnn  bnckit,  idceir 
flnisbMl  wheel  in  ■  curb  timiUr  lo  the  ftbove  wu  not  to  me  lo  be  teatnl.  The 
MDder  MMCd  IbU  $M0.  hul  been  piid  for  it  ud  Ibu  Mr.  Colliiu  hid  Hid  II  u 
the  Tcr;  be*t  he  eonld  maka.  Mr.  Cnllina  wu  noUBed  of  the  nutter  wlih  the 
time  fixed  fin  the  tiUL     Two  dlT>  In  idTince  he  put  In  itn  ■ppeBnnae.Terr' 

Cle«. ftntW  remirking :  "  J ackn^vtudfft  the  riQfU  <^  etter^ puivhattr  to  aKtrtvin 
f  attnal  trial  Ua  mhw  of  anv  wA«/  purehated  : "  he  funhet  atMrd,  that  be 
hid  broBftat  Ui  orerdlt  Id  Drder  lo  put  tbe  whtElln  order  if  it  wu  not  In  good 
Hndldan.  Indeed,  he  wu  very  genial,  uid  one  nuy  judge  of  mr  (uipiteathe 
next  morning  when  jut  u  Uie  wheel  wu  depnaitpd  ■(  Dj  flnme.  Mr.  Col- 
line,  ncecHiipuiicd  by  eberiJT.  ^hree  or  foor  appruRere,  uid  other  ftppnrtenmncea  of 
Ihelnw,MC(v<:d  in  withi  wrilof  repleTiaanddemHided  the  wIihI.  As  1  knew 
tt«  poTchwra  tad  offered  to  hU  ii  lur  a  third  of  iu  price,  I  thought  it  nn  excel- 
lent ■>!■.  end.  nf  miirw.  mmOr  no  itiineceMHj  objections,  but  r»c»lled  to  Mr. 
ight  of  purcbuer.  lo  uceittln  the  nlao  of 

., ..__ he  «[»tement  that  tb»t  purUoolii  wheel  wu 

wheel  M  nil:  that  he  didnot  luke  >ach  now     ■•--■  ^ 

-     '--    '     ''  ■    (  lened,  &o..  *c.     Now, at  ._.  .     . 

L  wbpfll  tbAt  gave  the  lowest  reaull  of 

u  the  wheel  lent  heie  wu  lA 

■  iMher  lutenellDC  p<diit  t« 
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Stoat,  Mills  &  Tempi*,  Dayteo,  Ohio. 


Test  of  a  36.mch  Dayton  wheel,  Koy.  20, 18Tt. 


Whole  Crate, 
Fart  Grate,... 


M 


•« 

C« 


Head. 


19.00 
19.11 
19.21 
19.30 


Weight. 


750 
615 
500 
350 


Bey.per 
Min. 


144 
140.3 
139.7 
146.5 


Horse 
Power. 


49.09 
39.22 
81.44 
23.31 


Cable 

feet. 


1780.14 

1360.02 

1123.75 

888.29 


Per 

Cent. 


.768 
.804 
.770 
.719 


Noyember  13, 1878, 36.inch  wheeL 


Whole  Gate, 
Part  Gate,... 


«4 


«* 


18.20 

630 

146.5 

42.01 

1625.77 

18.36 

600 

137.5 

87.50 

1440.20 

18.46 

450 

148 

30.27 

1174.92 

18.66 

290 

137.5 

18.12 

790.88 

.7503 
.7501 
.7400 
.6496 


Whole  Gate, 
Fart  Grate,... 

M            €t          ^  ^  ^ 
<•           («          ,,,^ 
«•  ««  


June  11, 1873,  48.inch  wheeL 


18.10 

1530 

107.7 

99.86 

8514.90 

18.18 

1320 

109 

87.20 

3068.46 

18.41 

1130 

109.5 

74.99 

2647.48 

18.60 

880 

108.2 

57.71 

2200.89 

18.86 

640 

108.7 

42.16 

1772.46 

.8814 
.8280 
.8149 
.7467 
.6964 


Test  of  48.inch,  January  29, 1874. 


Whole  Gate, 
Part  Gate,... 


•« 


«< 

M 


17.65 

1320 

107.8 

86  24 

3418.11 

17.66 

1100 

110.3 

73.53 

3010.79 

17.76 

960 

104 

60.51 

2594.01 

18.16 

500 

106 

32.12 

1690.47 

.7598 
.7316 
.6948 
.5548 


September  29,  1873,  42.inch  right  hand. 


Whole  ChOe, 

Fart  Gate,... 

**      **     ... 
«•     


i* 


Whole  Gate, 

Fart  Gate,    . 
((       «• 


(f 


17.93 

1200 

112.5 

61.36 

2560.85 

17.98 

900 

118.5 

53.32 

2218-55 

18.30 

650 

120 

35.45 

1452.72 

18.45 

440 

119.5 

23.90 

1213.58 

October  1, 1873 ,  42-inch,  left  hand. 


17.90 

1100 

118 

59.00 

2536.02 

18.00 

980 

120 

53.45 

2275.17 

18.13 

820 

121 

45.10 

1918.04 

18.43 

420 

116.5 

22.24 

1160.60 

.7095 
.7094 
.7065 
.5666 


.6882 
.6946 
.6884 
.5479 


Noyember  11, 1873.  25-inch  wheel. 


Whole  Gate, 
Fan  Gate,... 


M 


«f 


18.23 

300 

212 

28.91 

1158.24 

18.30 

260 

207 

24.46 

983.53 

18.39 

220 

205 

20.16 

880.49 

18.60 

110 

208 

10.40 

555.69 

.7244 
.7185 
.6565 
.5323 


Whole  GateT 
Part  Gate,... 


Noyember  12, 1873.  20-inch  wheel. 


«« 


f« 


18.85 

130 

263.5 

14.97 

606.64 

18.65 

110 

243 

12.16 

528.55 

18.63 

90 

244 

9.98 

448.93 

18.77 

50 

225.5 

5.13 

285.15 

.6938 
.6636 
.6313 
.5072 


Bot(U7  Bngise,  or  Water  Wheel. 

Jobra  Luohb,  HBatinos,  Minn. 
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Bnooess  Turbine,  8.  M.  Smith,  York,  Pa. 


Downward  discharffe.  Only  one  wheel  te8ted,that 
tested  scyeral  times ;  first  as  it  came  to  the  flume,  llien 
it  was  taken  to  machine  shop,  put  in  proper  condi- 
tion and  a«iain  tested. 


Head. 

Weight. 

Rey.per 
minute. 

H.P. 

Cubic 
feet. 

Per 
Cent. 

18.22 
18.33 
18.48 
18.56 

330 
300 
240 
176 

197 
198 
204.5 
193.7 

29.55 
27.00 
22.61 
15.41 

1137 
1022 

877 
662 

.7564 
.7647 
.7419 
.6653 

Second  Test  of  fc^ame. 


Head. 

Weight. 

340 
315 
220 
160 

Rev.per 

minute. 

H.P. 

Cubic 
feet. 

Per 

Cent. 

18.30 
1  18.35 
'    18.55 

18.64 

198  5 
203.7 
202.5 
202.5 

30.67 
29.16 
20  25 
14.72 

1005 

1025 

742 

593 

.8119 
.8198 
.7800 
.7064 

Bollingrer  Turbine,  O.  J.  Bollingrer,  York,  Pa. 


Central  Discharge. 

Head. 

Weight. 

Rey.per 
minute. 

H.P. 

Cubic 
feet. 

Per 

Cent. 

Whole  Gate 

18  21 
18.24 
18.40 
18.58 

370 
340 
250 
160 

193 
187.6 
190 
193.5 

32.45 
28.97 
21.59 
14.07 

1343.25 

1196.20 

948.11 

678.43 

.7034 

Part  Gate 

.7042 

«4      •«                             ..... 

.6577 

M          If 

.5784 

Delphos  Turbine,  Delphos,  Ohio. 


Test  of  a  24.inch  Wheel. 


Head. 

Weight. 

Rey.per 
minute 

248. 
246  5 
248*5 
204 

H.P. 

Cubic 
feet. 

Per 

Cent. 

18.38 
18.43 
18.60 
18.76 

280 

205 

115 

55 

21.04 

15.31 

8.65 

3.40 

786.52 
696.78 
540.57 
373.06 

.7726 
.6329 
.4667 
.2682 

Another  24-inch  Wheel. 


Head. 

Weight. 

Rey.per 
minute. 

H.P. 

Cubic 
feet. 

Per 

Cent. 

Whole  Gate 

18.38 
18.42 
18.47 
18.56 

.     275 

235 

170 

95 

246.6 
238 
246.6 
247 

20.55 

16.94 

12.69 

7.11 

806.70 
750.68 
654.01 
505.31 

.7350 

Part  Gate 

.6498 

ii       •«                

.5570 

II       •• 

.4025 

Test  of  a  36-inch  Wheel. 


Whole  Gate, 
Part  Gate,... 


<i 


«i 


Head. 

Weight. 

Rey.per 
minute. 

H.P. 

Cubic 
feet. 

18.18 
18.25 
18.38 
18.54 

700 
510 
320 
120 

175 
173.6 
176 
173 

55.68 

40.22 

25.60 

9.24 

2060.54 
1785.56 
1483.77 
1041.86 

Per 

Cent, 

.7856 
.6562 
.4983 
.2540 


NaUonal  Wattr  WhMl  Co.,  Briatol,  Ooim. 

J.  T.  OASB  WHEBL. 

Mids  with  alit««n  diiiitHa  in  gmnM  of  torn 
each,  u  thami  In  eat.  TUa  ouldda  r^^er 
liue,  HI  uruged  Uul  foor.  dght,  lirelT*,  or  the 
whole  niteen  uu;  be  ckwed  M  deslnd,  In  Mder 
to  uiilizB  onc.founh,  one-halt  throe-ftinrths  or 
[he  whole  diichuge  ulruitigeinul;.  The  wheel 
bu  ceiitnl  end  downHud  discuige,  Md  i> 
claimed  to  b^:  like  the  Eiwain,  but  in  reality  hu 
Utile  membUDCe  to  that  wheel.  Tl»  ComiianT 
hare  had  about  a  doieo  diflcrent  wheels  tmni 
at  mTflnme;  the  reiolls  out  be  fonnd  below 
and  on  neit  page.  The  "partntea"  reyolu- 
tiota  an  thou  tiuU  gave  Che  lilgh«t  rsanlti. 
Teit  of  30-lnch,  lug.  19,  1BT3. 


Head. 

freight 

sr 

^w«. 

Cnbic 
Feet. 

per 

Onl. 

18.35 

18>g 
18.1S 

150 

80.38 
4.18 

4  ehutet  opened 

i 

iBlt  or  W-iocb,  Au^at  33,  ISTI. 

1S.M         fi 

4»ajH 

TOO.W 

ilriS:;:;: 

348 
237.6 

S.3S 

10.38 

.am 

Another  aCLInch,  in  aame  curb,  but  with  different  ahaped  huckeU. 

I' 

130 

343.5 

I4jg 

434.IB 

«io.4a 

4  chutes  opened 

5  chutei  opened. 

12  ehutea  opened 

jm 

Another  SWneh.  different  from  the  other.,  aame  curb. 

18.81          110         HM.e       13.43 
18.BS             7(1          24T              8A4 
19.13           35         343.&         S.K 

845.33 
»8«JS 
IWJl 

Sehute.<^«d: 

1  ehutea  opened, 

.011 
.004 

i 

70      m 

I.M       978.87 

l.TB         1S0J15 

SSsl-a::::::: 

Teat  of  ■  24.1nch  whr.el  In  ahape  like  the  Honeton,  Sept.  M,  18J3. 

OS 
100 

i7§;s 

Bead  Beduced,  Whole  (iata. 

B4T.M        AK 

Another  of  the  same  kind  and  ahape. 

13:^         110    1    1S9.5  1    "ioT  1    K6M       ^ 

Head  Bednced,  Whole  Qale. 

Te»t  of  a  M.lndi,  January  aiat,  1873. 

6» 

S3.S1 

s 

ISiS"'-" 

J|:i. 

3U 

.«79 
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J.  T.  CASE  WHEEL 


No.  of  Teit. 

Head. 

Weight. 

Eev. 

per 

Minute. 

Horse 
Power. 

Weir. 

Cubic 
Feet. 

Per 
Gent 

WboloGate,!... 

17.85 

eoo 

174 

47.42 

1.046 

2088.74 

.689 

"         2... 

17.82 

620 

178 

60.16 

1.060 

2060.56 

.726 

«           3 

17.78 

660 

168.6 

49.78 

1.064 

2061.86 

.719 

cc           4 

17.76 

675 

166 

50.62 

1.067 

2070.32 

.729 

**            ft 

17.78 

700 

162.6 

61.70 

1.064 

2092.16 

.787 

17.70 

725 

160 

62.72 

1.070 

2110.10 

.747 

«           7 

1 . . . 

17.69 

750 

167 

68.52 

1.074 

2122.10 

.764 

o. .  . 

17.67 

775 

166 

54.60 

1.080 

2140.06 

.764 

"          9. . . 

17.68 

800 

168 

65.68 

1.084 

2152.08 

.776 

"        10... 

17.62 

825 

150 

66.26 

1.068 

2163.51 

.781 

"        11... 

17.62 

860 

146 

66.41 

1.088 

2168.51 

.788 

«        12. . . 

17.61 

875 

144 

67.27 

1.090 

2170.14 

.798 

«•        13... 

17.60 

900 

142 

66.09 

1.096 

2188.26 

.774 

"        14... 

17.58 

926 

182 

66.50 

1.100 

2200.86 

.769 

•«        16... 

17.58 

960 

128 

6811 

1.104 

2212.48 

.722 

Noad  Roducad. 

Whole  Oate,17. . . 

12.15 

660 

HI 

82.79 

.972 

1825.86 

.782 

**       18... 

12.14 

626 

117 

83.24 

.970 

1819.74 

.796 

•»       19... 

12.16 

600 

118.6 

82.82 

.968 

1814.02 

.776 

"       90... 

12.17 

676 

122.6 

82.01 

.966 

1805.47 

.771 

"       21... 

12.15 

616 

117 

82.71 

.969 

1816.97 

.784 

"       22... 

U.14 

686 

116 

88.19 

,972 

1826.86 

.792 

Head  Reduced. 

'Vn&oleGftte,24... 

6.74 

860 

84 

18.86 

.802 

1861.90 

.770 

"       28... 

6.71 

860 

80.8 

18.22 

.808 

1864.51 

.765 

"       26... 

6.70 

870 

77.6 

18.00 

.806 

1869.84 

.749 

"       27... 

6.73 

840 

86 

18.29 

.801 

1869.89 

.769 

"       28... 

6.76 

880 

87 

18.06 

.800 

1866.78 

.764 

Part  Gate, 

12p't8op*n,80... 

17.84 

800 

182.6 

48.22 

.iTnc 

1743.96 

.820 

8    "       "    31... 

18.04 

400 

184 

24.86 

.730 

1173.98 

.609 

8   "       "82... 

18  41 

850 

142 

22.48 

.712 

1129.28 

.666 

g   "       *'    83... 

18.82 

600 

120 

27.27 

.749 

1221.74 

.646 

4   "       «    84... 

1894 

150 

189 

9.48 

.512 

i    ■ 

670.49 

.895 

Test  of  50  inch,  Aug.  1873. 


Whole  Gate,. 
•t 


«< 


Head. 

Weight. 

Rey.per 
minute. 

Horse 
Power. 

Cubic 
Feet. 

16.39 
16.37 
16.37 
16.35 
16.34 
16.35 

1600 
1600 
1700 
1800 
1900 
2000 

114 
111 
105.6 
101.6 

97 

92 

103.63 
107  63 
108.80 
110.72 
111.70 
111.50 

4627.66 
4721.55 
4801.70 
4836.17 
4840.00 
4874.55 

Per 

Cent, 

.7242 
.7881 
.7356 
.7422 
.7486 
.7415 


At  Unionyille,  Conn.,  Flatner  &  Porter  Mfg  Co.,  I  tested  the  power  of  one  of 
the  latest  style  National  wheels ;  it  was  far  below  its  tabh  d  rate  for  power,  and 
so  extraordinarilj  extravagant  in  the  use  of  water  that  it  was  inunediately 
renioved  to  make  room  for  one  of  a  better  kind. 


Angell  Wheel*  Provideooet  B.  L 


DcniUb  ^MhATge,  ntofl  similjur  to  Leffel,  fhongli  each  attemafca^eee  fNEndnff 


dde  of  flkatet  is  stalloiiarT,  m  represented  in  the  diagram, 
fcnb  oi'  wheel,  and  often  ahear  off. 


BnoiDets  bolted  fo 


nsT  OF  ▲  Sd-nroH 

ynamjm 

Ko.  of  Teat. 

Head 

Weight 

Ber.per 
Min. 

Horse 
Power 

Cabio 
feet. 

Per 
Cent. 

Jfaj,  1373,  Whole  Gate 

h  Gate,* 

5^    **    •••••••••••• 

H   ••  ••..*.. ..'.V.*I!!!!I!! 

17.96 
18.12 
18  J9 
18.47 
18.48 

880 
790 
650 
475 
370 

147.3 

143 

145.5 

140 

142 

58.92 
51.35 
42.99 
30.22 
23.85 

2828.86 
2052.24 
1760.51 
1862J7 
1179.99 

.7461 
.7806 
.7063 

.5786 

A  30-INCH  WHXSL  8XNT  TO  BK  TX8TBD. 

No.  of  Test. 

Head. 

Weight. 

BeT.per 
Min. 

Horse 
Power. 

Cnbic 
feet. 

Per 

Cent. 

KoT.  8,  Whole  Gate, 

fi  Gate. 

18.27 
18.31 
18.46 
18.54 
18.65 

520 
400 
880 
270 
190 

184 
184 
182.5 

187 
1845 

43.50 
40.98 
31.69 
22.95 
14.25 

1475.36 

1308.86 

1094.11 

902.17 

677.38 

.8689 
.8466 

U'-'^^^^^^^-^^^^^^-"- 

.8114 

ij    •«     

.7900 

T-16«»     

.5968 

On  report  of  results,  a  wheel  of  the  same  size  and  made  in  same  lot 
to  Otto  Troost,  of  Winona,  Minn.,  aent  to  me  to  be  toated  fer 
fiesnlts  are  here  given. 


add 


No.  of  Test. 


I>ee.  15,  Whole  Gate, 


<t 


Head. 


18.40 
18.43 
18.42 
18.47 


Weight. 


520 
600 
480 
550 


Ber.per 
Min. 


176.6 
180.6 
186.5 
167 


Horse 
Power. 


41.74 
41.04 
40.66 
41.11 


Cnbie 
feet. 


1583.40 
1575.21 
1564A 
1616.24 


.7679 
.7419 
.7466 
.7886 


Of  coarse  the  wheel  was  rejected ;  then  the  wheel  tested.  Nor.  8,  was  repnr. 
ehased  by  the  Angell  Company,  and  returned  to  fill  the  order.  It  was  placed  in 
the  flume,  and  found  to  run  so  hard,  that  I  at  once  reftised  to  test  it  nnni  put  in 
order ;  it  was  taken  out  and  reset  some  fire  or  six  times,  but  oonld  nerer  1m  g»t 
In  eondition  to  run,  so  that  it  would  not  require  tldrty  or  fortj  ponndi  to  atartitB 

Inspection  '^^^^  ^^^  ^^^^  ^  *°^  ^^  ^^'^  ^^  nmM  to  llw  abop  te 


LeSbl,  when  U  kut  M  p< 
to  be  teaCad,  mod  gare  the 


No.  of  Tat. 

Setd. 

Wcighl 

*m£*'' 

Hor» 

Power. 

fcet." 

S. 

KM 

1000 

108 

ioe.4 
loa 

10«.! 

BS.BS 

soiso 

1802.70 
M68.JB 
aiUJO 

lOM.OO 

P»iteM» 

1(700 

L.  AT  mc 

H«dln 
Feet. 

Weir. 

Bev.  per 

Minute. 

Weight. 

Po™. 

DiKhmrg-d 

Peneut- 

■ea. 

21.80 

n.ss 
awo 

Tablednl 

10.8& 

iloo 

340 

a,   MO 

S 

sa'.w 

isaT'.TO 

.4034 

.SSOl 

.9000 

Ftenniksn  Brothers,  Bookford,  111. 


Test  of 

M.|nch 

irheeL 

Held. 

Weight 

Z 

Hone 

feet. 
W4.43 
IWB:14 

Cent. 

JSftS^;;;;:;;;:;;:;:: 

Ill 

K> 

S 

OardlQM  Ooati  Bllawortb,  I 

Fdrnlihed  ■  wheel  IhU  he  «*U<d  do<ib)« ;   it  nonsiited  of  B  hnb,  with  »  Joi 

•[dnli  to  the  lop  of  the  hob,  ftinniDg  n  twelre  tlicetuled  ecrew,  the  pitch  tn 
twalTS  degreei  fiom  Una  of  rotstiOD. 


T.  H.  Biscton  St  Co.,  Mount  Holly,  N.  J. 


mT  Bnme  vu  iD  1^ .  whhj 
wUer  whcl  la  s  rnrb  hi 
II  gun  ■  hkIoI 


iDch  of  the  umB  kind. 


>  Almilkr  U)  thu 


pige,  Fig.  2;)  bgtina 

■  — -■  "it  the  Nadoiul 

11.  Coon.     The 


below.  As  OUT  be  tp«i,  tbe  put  gatfi 
were  unt  proparUaiuU;  Eood.  wbils  the 
rim  of  the  curb  ww  u  neul;  dlTided  bf 
Ou  porta  (hat  11  nt  too  (Tiiiiile  for  dork- 
bUltjr,  eooaeqiiently  H  ww  abwtdoaed  hhI 
k  new  one,  Tepmealsd  by  cot  B  ns  eon- 
HUKtsd;  h)  tbM,  the  foUowing  runlu 
WUB  obtdned  bj  the  tett  of  ft  4S-liich 


Bead. 

Wdtfit. 

^^ 

H 

EW». 

CoWefoet. 

FerceDti^. 

1300 

J.S« 

1T.M 

UM 

897 

m 

MS 

oie* 

2880,14 

wo 

8^10 

2680.83 

IJJPS 

(U8 

24aBJ« 

121 

IS.OO 

MU.I3 

^8834 

2268^8* 

ISJB 

SKI 

ISJD 

m 

1S8 

4!ia 

imbIot 

ue 

18.43                 «M 

IBBB.OT 

4U 

Ne.ofTe.1. 

Held. 

Wdgbt 

Bey. 

fc. 

Wete. 

Peet 

Per 

Whole  0*te,l... 

1B.SS 

TOO 

IMJl 

Gua 

.193 

T«.3i 

.SO 

..     "■ 

1B.2E 

TSO 

IIH.B 

fii.efi 

7<«.M 

.660 

18,28 

7« 

162,B 

G2jn 

.196 

766.81 

.869 

18.28 

tas» 

.U« 

768.81 

M» 

" 

tSZM 

720 

109.6 

52.20 

'.m 

762.28 

Ma 

18.M 

jafi 

1W.6 

.200 

761.17 

.864 

« 

ssias 

.201 

MS 

786 

m'.s 

02.19 

.202 

M* 

18.B3 

lU.fi 

.301 

76 

,64 

.SEA 

"        1 

62.48 

I 

B2.1S 

!203 

'.93a 

18.M 

760 

IW.B 

.203 

77 

98 

.843 

"        I 

18.M 

eao 

167 

1 

S80 

Sl!24 

.UI 

670 

m.B 

62.22 

XU 

IPtoloHd,! 

18JH 

IM 

63 

ISJil 

£tt 

IM 

ssiu 

46 

'.m 

tPta.oloMd.Z 

18.86 

190 

163 

18.9B 

881 

OS 

.473 

WholeOkU.SS 

18.87 

B 

G3.3B 

1.200 

IJM 

UT 

.B6B 

T.  S.  Swdoa  A  Co^  ICount  Hc^y,  JS.  J. 


RISDON'S  VTHBEL, 

Of  the  manr  Kadoa  vbeelg  tested  bf  me,  qnite  b  Dumber  t 
■long  In  the  lereDtlH  In  percenu^,  bat  Ibraugb  laine  Blleh 


r  tbem  hive  nnned 
ehiDKe  Bltf  r  ft  flnt 


L  a  useful  effect 
lamber  froBi  eightjr-tive 


f  elghly  pr 
B  to  ninotj 

wlie&  IntbereginergUeciu'b.iepnaetited  u^'s  bead  of  the  oppoaiM 


Tertof 

Hs»L 

Wdght. 

^V4J^ 

H.P. 

Cubic 

Cent 

lis? 

ie6 

S^ 

13M 

aw.ai 

63I.SS 

.sess 

236 
Tyler's  New  Scroll  Wheel. 


be  kdTuiftgeontly  luedi  d[  (be  man;  pluia  dcTJsed  for  this  clssa  or  wheeli, 
John  Trier  of  Clsmnonc,  X.  H.,  has  unilDubtedlT  produced  ths  TBry  best,  tmd 
deddedl}'  k>. 


Whole  Gate. 

He«l. 

Weight. 

il 

i:4e 

esoiss 

Cent. 

Whole  GUe. 

i8:« 

KM 

90 

Futuate 

.T6T* 

IT.Bft 


^2»e 


This  wheel  m  kept  tu  a  »mpU  wheel  i  lU  »n>te  raws  :»t  Inches;  the  open. 
K  lo  Krol)  beiDg  13til2,   wlule  the  opeiim^s  in   nheel  equalled  218  Bquan 

isi  through  the  wheel  at  whole  Kate.  February  1st,  1S7T,  £e  buckets  of  tlili 
heel  were  BliKhlly  chipped  on  the  edge,  Iheo  it  wss  eent  to  me  Id  be  tested,  but 
wHbontjinriiillmatloD  that  IE  was  the  same  previouBly  tried.     The  weather  wai 


Head. 

Weight 

RfT.per 

&■,• 

Cubic 

Per 
Cent. 

GW.O 

"■-"■'teS'.:::: 
:  iSS:;;::: 

11 

201.5 

suiei 

11 

J050 
.•421 

.4TOe 

Trier's  Flame  Wlieel  and  Curb. 


John  Tylar,  Claramont,  H.  H. 


e  irhetber  lued  in  rgtoU  or  flame  curST 


!r  hoop  or  gate,     nw  wIubI  1< 


Te 

30- 

nohFlnmewlieeL 

April  BO,  ISJfl. 

Setd. 

Weight.  ^-Pl' 

H.P.I^f 

SJ?g.^ 

l!;i 

876       ies.8 
300      loa.i 

g:J^ 

i24e.«4 

Ml» 

BocteUweri 

chipped  but.    Bc-teated  April  21. 

■■      ■•    ' 

KM  1      190    1    a02      1    Ii!46  1    159.40  |    .«8T 

BuckeH  chipped  bMtmore 

and  gal«  opeoinK  enlarged.     Ag«in  letUd  April  £1 

32S 

220 
100 

80 

m 

213.S 

loiis 

Bwioi 

002.63 
WS.7I 

93 

E ;; ;;;;;;;;;:;;;;:;;; 

.T2S0 

.eioo 

Chippine  the  hncbeta  tbreir  the  wheel  oat  cl  balance  lo  Iliat  it 
lo  bnUden,  where  it  wee  balanced  by  drilling  bolee  on  heavf  ei. 
them  with  wood ;  the  wheel  was  smoothed  up  generally,  then  sent 
teat,  then  tent  to  me  for  re.teni  on  ttjiog  it  Bgiiu  It  irai  [oond  tbM 


Cent^'bS 


bid  bHD  miidc  IbBt  re 


238 

Mt  impcsalblc  to  nmuol  it  wi 


i,  BlKred  uid  re-CnUd  (a 


On.i3,  i9;T.icned42 


Taken 

lomicbi 

then  rB-(c8tcd. 

:|  iil 

800        162* 

.  N.  Wolfs  Tarbine. 


Manuftieturad  by  BnrboP  4  Son*,  Allentown.  P«. 


wbicb  G. 


refauad  u 


toLlrUi 


vfllmade.    Ttie  48-iiich  wheel  reported  on 

£  HamjLga  Paper  Co.  of  Helyobe ;  it  wu  bo  poorlj  miide  tbat  tfhile  handliiig  itia 

boftoni;  it  wasaeot  to  nuuJilne  Ahop  udptlt  inlo  mucb  belter  coodition  ttum 
wbea  ant  leceiied.  The  edges  of  the  buckets  were  left  hj  the  builder*  Hiuan , 
Tsrying  in  thickueai  froni  one-bBlf  to  threc-fourtha  of  n  inch ;  Ihe.e  were  p«r- 
tlHlly  rounded,  then  the  wheel  woe  teeted,  ^ving  the  reaolu  reported.  Mr. 
Wolf  took  the  wheel  out  and  chipped  the  buckeU  to  au  edge,  iDtide  it  mn  eatier 
then  bad  icteited  aglin.  obtaining  thereinlti  reported  of  second  46 -iach  wheeL 
In  eiamlnlntt  the  wheel  atid  curb  I  fouud  theculiug  to  be  bo  Ibln  a>  K>  be  hitrdly 
i»fefor  the  pressure  of  ihe  li  feet  head  for  which  It  was  ordered;   the  crown 


was  five 


Mr.  Barb 


■  ronnd  to  bf 


239 


Tat*  of  SMncii.     Midtlp^  revoliitioiii  of  wheel  ^  10 1(*  g«t  ipeed 

log  power. 


Head. 

Weight. 

Rer.per 

Min. 

Horse 
Power. 

Cabte 
feet. 

For 

Cent. 

Whole  Grate 

18.21 

18.29 

18.41. 

18.56 

18.69 

426 
400 
825 
250 
150 

266.3 

240 

247.6 

249 

234.5 

32.87 
29.09 
24.37 
18.86 
10.66 

1134.67 

1002.07 

863.76 

673.63 

446.86 

.8480 

Part  Gate...... 

M          ««        •....• • 

.8410 
.8202 

••          ••        ••••...•••....••.. 

.8008 

•«          «•        ,,,,,,,,,.,„.,,,, 

sm 

Test  of  a  eecond  24.iiich.    Moltiplj  revolatioDB  by  10. 


Whole  Gate, 
ftatGate,... 

MM. 


<« 


«« 


18.46 

420 

266 

32.46 

1166.27 

18.60 

350 

252 

26.72 

1004.88 

18.65 

300 

260 

22.72 

884.27 

18.73 

176 

261.5 

13.33 

628.87 

18.83 

80 

248 

6.01 

446.30 

Test  of  a  third  24-inch.     Maltiplj  reyolutions  bj  16. 


Test  of  a  fourth  24-iiich. 


^799f 
.7626 
.7874 
.6001 
.3018 


Whole  GM» 

18.23 
18.32 
18.41 
18.47 

280 
220 
190 
160 

263.6 
262.2 
261.6 
262.5 

32.26 
26.22 
22.63 
17.89 

1164.28 

1001.40 

891.98 

765.88 

.807ft 

.7578 

pWrtGate 

*•       *•       .                   .. 

.7276 

<•       <•       ,^ 

.6796 

Whole  Gate, 
Part  Gate,... 


«« 


•« 


ft 
«• 


18.20 

300 

246 

33.40 

1188.46 

18.24 

270 

248 

29.82 

1093.77 

18.38 

220 

241 

24.10 

922.11 

18.45 

170 

261.3 

19.41 

791.52 

18.70 

75 

236.6 

8.92 

470.67 

.8200 
.7910 
.7700 
.7033 
.6370 


Test  of  a  30'inch.    Multiply  reyolutions  by  16. 


Whole  Gate, 
FkkrtGate,... 


«« 


17.86 

500 

183.6 

41.70 

1647.74 

18.01 

435 

182.6 

36.08 

1826.98 

18.06 

400 

180.6 

82.81 

1233.06 

18  43 

230 

182  6 

19.07 

819.71 

.8000 
.8011 
.7814 
.6860 


Test  of  a  36.inch.    Multiply  reYolntiona  by  16. 


Whide  Gate,. 
FmtGate,... 


«< 

it 
«« 


18.03 

826 

160.7 

60.26 

2308.08 

18.02 

826 

161.6 

60.25 

22^8.75 

18.12 

700 

160 

60.91 

1958.80 

18.27 

560 

149 

37.25 

1507.43 

18.49 

800 

167.2 

21.42 

983.49 

.7666 
.7699 
.7594 
.7161 
.6228 


Test  of  a  18-inch.    Multiply  reyolutions  by  10. 


Whole  Gate, 
Part  Gate,... 


f« 
tt 


tt 
tt 


18.38 

165 

304 

15.20 

579.07 

18.50 

160 

287 

13.91 

517.71 

18.55 

135 

291.5 

11.92 

454.00 

18.59 

105 

267 

9.30 

357.42 

18.61 

80 

315 

7.63 

338.38 

.7574 
.7702 
.7506 
.7426 
.642C 


Teat  of  a  48.inch. 


Sent  to  machine  shop  for  alterations.     Multiply  reyolutions 
by  20. 


Whole  Qtle, . 
Part  Gate,... 


tt 


tt 


17.47 

1525 

90 

83.18 

3618.81 

17.65 

1000 

121 

73.33 

3110.36 

18.01 

600 

111.5 

40.54 

2127.43 

.6982 
.7088 
.5615 


Test  of  the  48  a  second  time.    Rejected  by  intended  purchaser. 


Whole  Gate* 

^ArtGate,... 
tt      tt 


tt 
tt 


17  60  . 
17.71 

1300 
1150 

117 
117 

92  18 
8154 

3640.50 
3263.49 

17.80 

1050 

118 

75.09 

2953.76 

17.94 

875 

117.3 

62.20 

2566.52 

18.17 

700 

114.3 

48.49 

2112.31 

.7630 
.7482 
.7562 
.7166 
.6701 


Test  of  a  54-inch.    Rejected  by  intended  purchaser.    Multiply  reyolutions  by  20 


Whole  Gate, 
PlartGate,... 

M  tt 


17.-24 
17.42 
17.73 

1700 
1600 
1000 

112.6 
106.3 
112 

116.01 

103.07 

67.87 

4841.07 
4201.41 
3107.68 

.7373 
.7469 
.6686 


240 
Olark  A  Chapman,  Turner's  Falls,  Moss. 

COL.BHAN  VmSBt. 


MardiSl.mt. 

Bud. 

Weight. 

Ssf 

H.P. 

Cnbie 
ftet. 

Cent. 

Whole  G«le. 

P«rtGiiM. 

KM 

426 

171JI 

IT1.S 

M.16 
IB.«3 

m'jdo 

i^ 

"       "       

■Mwe 

Wm.  F.  Mosser  &  Co.,  AUentown,  Pa. 


Hud. 

Weight. 

SBT.per 

s= 

Cabio 
yei't. 

Per 

CtBU 

7.ST 
8:21 

em 

MO 

ao 

soo 

1M& 

28^ 

i4S.a) 
MT.ai 

.TH» 

■JWJ 

.e«M 

e  Re(fi(  er  Gale. 

i 

jliio 

2& 

ViM 

1^:m 

"Excelsior,"  Roland,  Benediot  &  Co.,  Beading,  Pa. 


i^sior. 

4S.lneh  WliMl. 

H..d. 

Weight 

S^inatt"' 

H.P. 

iisa^ 

Cent. 

ii 

i 

149.5 

3I.M 

.1S80 

jmt 

B.  J.  BARBER,  BALLSTON  SPA,  N.  Y. 

IFrom  m;  Bcpart  of  IBTl.] 


TMtalKSOiiMb. 


HoLTOKB.  Hasb..  Sciibiniber  30, 1873.' 


JAMES  EMBR80N. 
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Humphrey  Turbine. 


Manufactured,  by  the  Huxnplirey  Macliine  Gk>.,  Keene«  N.  H. 

Of  all  the  turbine  builders  extant,  perhaps  exceptini;  J.  P.  Collins  of  Norwich, 
Gt.,  there  is  no  other  probably  that  can  be  named,  so  immensely  scientific  and  so 
boiling  oyer  witti  theories  as  is  Mr.  Humphrey.  The  tests  below  will  idd  the 
reader  to  judge  whether  such  theories  are  practically  beneficial.  In  placing  the 
21-inch  wheel  reported  below,  a  Collins'  brass  bucket  wheel  was  remoyed,  and 
adyamtageously  so,  I  belie  ye,  it  was  admitted.  The  Humphrey  wheel  has  down- 
ward aiid  outward  discharge,  register  gate.  Tests  of  three  of  the  wheels 
for  Bawitser  A  Brother,  Stofibrd  Springs,  Conn.,  Noy.  1878.  These  wheels 
were  numufactured,  fitted  for  their  positions,  set  by  the  Humphrey  Machine  Co., 
and  haye  been  in  use  but  a  few  months.  A  weir  was  constructed  for  each  oi 
the  wheels.  These  weirs  were  of  less  capacity  than  desirable,  but  if  there  were 
any  errors  in  measurements  through  this  lack  of  capacity,  such  errors  would  be 
entirely  in  fayor  of  the  wheels.  Bach  wheel  was  thoroughly  cleaned,  preyious 
to  its  test. 


Test  of  42-inch  wheel,  Noy.  13, 1878. 

Head. 

Weight. 

Bey. 

Horse 
Power. 

Weir. 

Cubic 
Feet. 

Per- 
centage 

Whole  Gate, 

Fart  Gate 

5.00 
5.00 
5.30 
5.45 

375 
400 
225 
325 

68 
64 
62.5 
65 

7.72' 
7.75 
4.26 
6.40 

1.005 

1.000 

.755 

.870 

1167.34 

1167.34 

766.65 

944.59 

.7000 
.7020 
.555 

(« 

.6582 

Test  of  24-inch  wheel,  Noy.  15, 1878. 

Head. 

Weight. 

Bey. 

Horse 
Power. 

Weir. 

Cubic 
Feet. 

Per- 
centage 

Whole  Gate, 

•* 

« 
Fart  Gate 

29.00 
29.00 
29.00 
29.00 
29.50 
29.50 

136 
150 
176 
200 
150 
115 

S20 
310 
291 
265 
293 
270 

13.09 
14.09 
15.43 
16  06 
13.31 
9.41 

1.028 
1.030 
1.032 
1.077 
.921 
.750 

589.98 
591.60 
593.26 
629.84 
497.26 
269.86 

.4051 
.4348 
.4748 
.4655 
.4803 

« 

.4566 

Test  of  21-inch  wheel,  Noy.  17, 1878. 


Head. 

Weight. 

Bey. 

Horse 
Power. 

Weir. 

Cubic 
Feet. 

Per- 
centage 

Whole  Gate, 

47.00 

860 

379 

40.20 

1.300 

824.72 

.5491 

47.00 

300 

403 

36.63 

1.290 

815.49 

.5060 

47.00 

276 

424 

35.33 

1.284 

800.42 

.4972 

47.00 

250 

436 

32  95 

1.272 

798.99 

.4646 

47.00 

225 

455 

31.02 

1.242 

773.00 

.4520 

47.00 

200 

462.5 

28.03 

1.230 

762.76 

.4139 

Part  Gate, 

47.00 

125 

446.6 

16.91 

.994 

554.55 

.3434 

4« 

47.00 

85 

416.6 

10.73 

.852 

444.61 

.2718 

In  the  mill  where  the  24.inch  wheel  is  used  the  main  line  of  shafting  is  designed 
to  ran  100  reyolutions  per  minute ;  the  gears  connecting  the  wheel  are  one  to 
three,  consequently  Mr.  Humphrey  prepared  the  wheel  to  run  300  reyolutions 
per  minute  under  32  feet  head. 

The  main  shaft  in  mill  where  the  21  inch  wheel  is  used  is  arranged  in  connec- 
tion with  the  machinery  used  to  run  at  160  reyolutions  per  minute.  This  shaft  is 
connected  to  the  wheel  by  gears,  one  to  three,  consequently,  the  wheel  was  pre- 
pared to  run  at  a  yelocity  of  480  reyolutions  per  minute.  It  will  be  seen,  how- 
eyer,  by  the  tests,  that  Mr.  Humphrey  was  yery  wild  in  his  calculations  for 
speed. 

Mr.  Humphrey  took  a  yery  active  interest  in  the  hydrodynamic  experiments 
made  by  the  Holyoke  Water  Power  Co.,  and  promised  distinctly,  several  times, 
to  famish  one  of  his  wheels  for  trial,  but  failed  to  do  so. 


ThLi  tiirt^iuEobe[>TopeTlTcli«s«d  maat  bo  plftctd  wlththo'^Hereulea**  under 
the  h(«d  of  tbe  New  Deplrtnie,  esuibliihed  b^  tbe  pioilncliDii  of  IbM  wheel. 

hiTing  bnt  few  pieces,  >nd  Ihoee  unlikely  to'serout  of 'ardr'?!'  llt'iniide  »Kil<er 

Ke,  w  to  «  mr  eipcrieoee  Boea,  works  wit)i  mpidity  uid  eue.  it«  long,  peen- 
ly  shaped  buekrt*  mttv  beb«nied  or  cul  intolliH  nms  i.f  Iho  wheel,  ■emiiT 
be  kerned  uiTieiblc.  lu  upvily  for  i^9  dismeler,  to  be  fully  realized,  miut  b« 
compired  with  that  of  other  luTbisea  that  were  popular  but  ■  few  yem  riDee, 

grealai  cqvclty  foi  their  diameter  than  those  td  any  other  mike,  and  in  aoppor 


Victor  Turbine. 
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of  flieir  eUimi ,  pablishAd  Ubles  at  Um*  ftiUj  up  to  the  eapadtj  of  tiheir  wlieelt, 
the  tables  of  Swain  and  Honaton  being  oompated  upon  a  mmpoad  naeltal  effect 
of  80  per  cent,  of  the  water  used;  those  of  the  Leffel  at  88.  tjinder  18  feet  head, 
the  Swain,  15^  inch,  is  tabled  to  eire  13^  h.  p. ;  the  flootton,  15  inch,  8^ ;  and 
the  Leffel,  Ib^  inch,  11.1  h.  p.;  wnile  the  Victor,  15  incb,  as  may  be  seen  by  the 
test  herewith  annexed,  under  18.34  head,  actually  gave  89.86  h.  p.,  and  a  nsefiil 
effect  of  .8808  per  cent. 

There  can  be  no  question  but  what  the  Victor,  with  the  exception  of  the  Her- 
eules,  has  taken  a  position  in  advance  of  all  other  turbines — not  because  the  same 
efficiency  of  useful  effect  may  not  be  obtained  by  other  wheels,  but  because  at 
the  same  cost  no  other  wheel  can  be  made  to  transmit  the  same  amount  of  power. 
Instead  of  acting  the  part  of  Mrs.  Partington  in  opposing  the  inevitable,  it  wiU 
be  well  for  tarbme  builders  to  accept  the  £aet  and  strive  to  do  still  better,  for  the 
turbine  is  a  long  way  from  being  the  perfect  enffine  it  may  be  made.  The  tests 
will  show  that  Mr.  Stilwell  has  steadily  improved,  showing  coDcln<iively  that  the 
wild  variations  of  other  builders  are  owing  to  the  lack  of  settled  plans.  At  part 
gate  the  Victor  b  about  as  good  as  the  averaee,  but  it  would  be  well  for  Mr.  Stil- 
well to  trv  a  thinner  sheU  next  his  wheel  so  that  the  gate  opening  may  be  as  near 
as  possible  to  the  wheel.  The  suggestion  will  be  best  understood  by  observing  the 
fillmg  of  a  bottle,  or  what  is  better,  the  filling  of  a  canal  through  a  snuJl  head 
gate,  where  the  river  ma^  be  several  feet  higher  than  the  surface  of  the  canal; 
yet  the  ]^ower  due  that  difference  is  used  up  by  passing  through  the  small  head 
gate,  or  in  the  inertia  of  the  water  in  the  canal,  so  that  the  part  gate  efficiency 
of  a  wheel  must  be  somewhat  in  proportion  to  the  size  of  the  chamber  insidie 
of  the  gate. 

Test  of  a  25.inch  wheel,  July  25, 1877. 


Head. 

Weight. 

RevolU' 
tions. 

Horse 
Power. 

Cubic  ft. 

Percent- 
age. 

Whole  Gate,. .. 
Part  Gate 

18.07 
18.04 
18.13 

625 
600 
500 

200 
198 
208 

56.81 
54.00 
47.27 

2214.55 

2208.44 
1964.67 

.7588 
.719S 
.7042 

Test  of  a  20.inch  wheel,  July  26, 1877. 


Head. 

Weight. 

Bevolu- 
tions. 

Horse 
Power. 

Cubic  ft. 

Percent- 
age. 

Whole  Gate 

Part  Gate 

18.33 

18.41 

18.43 

7.97 

500 

425 

890 

75 

246 
209 
246 
246 

87.27 

84.64 

29.07 

5.59 

1387.27 

1284.30 

1145.59 

757.93 

.77n 
.7774 
.7306 
.49U 

Test  of  a  20-inch  wheel,  Feb.  21, 1878. 

Head. 

Weight. 

Sevoln- 
tions. 

Horse 
Power. 

Cubic  ft. 

Percent- 
age. 

Whole  Gate,... 

Part  Gate, 

<«       t* 

M            W        [,[[[ 
•t           tt        ,',,1', 

18.01 
18.08 
18.28 
18.40 
18.58 

480 
415 
310 
240 
100 

266.5 

265 

266 

263 

271.5 

38.76 
33.32 
24.98 
19.12 
8.33 

1362.39 

1242.03 

1014.03 

870.79 

602.23 

.8368 
.7858 
.7134 
.6310 
.3941 

Test  of  a  15-inch  wheel,  March  26, 1878 

• 

Head. 

Weight. 

Bevolu- 
tions. 

Horse 
Power. 

Cubic  ft. 

Percent- 
age. 

Whole  Gate,.  .. 

Part  Gate, 

t(       «« 

18.34 
18.10 
18.39 
18.74 

300 
300 
160 
100 

323 
821.6 
826.5 
820 

29.36 

29.22 

15.83 

9.09 

974 
970 
756 
492 

.8706 
.8808 
.6036 
.5290 

»47 

T«t  of  ■  3»-lnch  wbml,  Od.  28,  Vn. 


Held. 

Weight. 

^i^ni"' 

Hone 
Poirer. 

Cubic  ft. 

Per«™t. 

■ge. 

Whale  tiMe,... 
P«t««9 

isloo 

TOO 
4M 

20S 
200 
205 

i^ 

11 

1 
:«9s 

leit 

ora30.ine 

wheel,  Oet.  2».  1H7» 

Head. 

Weight. 

tions. 

Power. 

Cable  ft. 

mite. 

Whole  G.le,... 
Put  Oils 

iii 

12.10 

800 

160 
300 

1M.S 

2»'.«i 
19.70 

iflai*.w 

'«8« 

ElcllpBe  Dcmbl*  Torblne,  Manufactured  by  tha 


Tei 

ofaSO. 

ncli  Eel 

pse  whee 

. 

He«i. 

H.F. 

'itcU 

Cenl 

IJO* 

MSS 

12M 

169.9 

K.11 

899 

24^ 
Waldo  Whitney,  LeomiuBter,  Mass. 

WhKl  doirnwmnl.uid  centrnl  diKbuge,  ■Imlliu' to  tfap  Snln,  bntvllh  fewer 
bnckeU.  Inilds  nglater  gttf,  the  cbnies  uuj  oaier  rim,  R,  being  suiiaiur; ; 
the  Ibia  hoop  or  gtte  T,  roUdng  sufflcieotlf  1o  open  or  close  the  port!.  After 
BT  report  af  the  teat  st  the  Inp  of  nrit  piige,  Hr.  WblCoej  leot  three  other 
irt«BlifhrTeria<aitloii,  thu  be  luui  lold  wiih  gusnuHFo  tbulthe;  shonld  be  u 
good  M  the  one  repotted,  uid  he  oudoubtedly  helLeved  them  to  be  lo  Dotll 

Ftnt  irheel  repntod.  MvMd  Jumirj  10, 1873. 


WALDO  WHITNEY,  LEOMrNSTER,  MASS. 


No.  of  Teat. 

Hwd. 

Weliht. 

Bev. 

?o"~.     ^ 

Blr. 

Cubic 

Per 

VrhotaOkte,!... 

18.48 

'^^ 

Ut 

36.16 

785 

1283  41 

TBI 

"      a... 

H.48 

410 

768 

}2»i:«» 

:7«3 

«       a.-- 

18.47 

«n 

188.6 

86!bS 

m 

.704 

18.46 

480 

196 

S8.S6 

.786 

1B.4S 

MO 

.BU4 

9.'.'. 

18.M 

460 

181 

77» 

.808 

«          7... 

430 

17a 

87.31 

TBI 

.805 

37.10 

i84 

"       •"! 

480 

m 

:807 

"       10- ■ 

480 

171 

rso 

.808 

too 

168 

TW 

.807 

GIS 

703 

.813 

'■    «::: 

taa 

168 

108 

.804 

"    "■  ■ 

630 

161 

800 

S*8 

16fl.6 

,802 

"      k". 

660 

166 

Si:76 

804 

.BOB 

••        17... 

MO 

14S 

81.83 

808 

.788 

HNd  Rtductd. 

'Wliolaaibi.lS... 

13.67 

131 

».84 

T0« 

1137  JU 

"        BO... 

13.S3 

US 

30.88 

'.  47 

M. .. 

12.61 

too 

FIS 

.40 

"      a... 

12.81 

MO 

U8 

»M 

f09 

1167.32 

.60 

"        38... 

13.68 

340 

30,66 

11SB.M 

.  6B 

"        M... 

U.M 

S80 

30.66 

W9 

1130.81 

.768 

"        25... 

11.86 

820 

141 

30.61 

006 

lllOJll 

.771 

HMd  RwJutKl. 

WlioloG»t«.IT  .. 

6.81 

W) 

UlJl 

.80 

786.43 

.753 

'.'.        ^■■■ 

160 

m 

6!7G 

SB 

M 

807173 

J41 

"    »::: 

6.7J 

180 

n.s 

:o6 

37 

814.06 

.77* 

"        SI... 

8.70 

88 

835.68 

"     >a.,. 

6.88 

300 

^TSB 

Put  Oats, 

K        «... 

18.61 

460 

183 

38.84 

81 

1197.48 

.7M 

«        %... 

111.74 

183 

28.71 

1014.18 

.732 

U          M... 

300 

1*7 

14.37       J 

» 

88834 

.690 

S          ST... 

18:45 

58 

111 

4.7B       J 

178 

490.83 

.381 

K          K... 

1S.46 

(0 

143 

S.31       .. 

110 

Wl»leGU«. 

Qawl. 

W^Lt. 

163 

Power. 

1374 
13B9 

Cenl. 

«d wheel,  June  36,1873,  ... 

18.30 

480 

i 

MwheeLJalyn.mv.... 

18.34 
18.19 
18.11 

ii: 

410 

166.S 

84.81 

34.58 

1S41 

.747 
.738 

Ml  wheel,  Aug.  18,1878,... 

17.»l 

17.90 
1T.B8 

400 
480 

184.8 

SSJl 

1317 

:'m 

»50 
HOLYOKE    MACHINE    CO., 
>ke,  Mass. 
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Holyoke  Machine  Company,  Holyoke,  Mass. 

This  company  build  the  Boyden  and  Hercules  turbines,  the  latter  invented  by 
John  B.  McCormiek,  of  Brookville,  Pa.  Of  the  former,  it  is  unnecessary  to  say 
anything  here,  as  its  merits  are  given  on  several  other  pages  of  this  work. 

THE  HERCULES. 

In  March,  1876,  several  of  the  above  named  wheels,  24  inches  in  diameter, 
each  diffeiing  somewhat  from  the  others,  were  brought  to  Holyoke  to  be  tested. 
All  gave  remarkable  results :  one,  87  per  cent-  useful  eflfect,  and  a  power  so 
extraordinary  that  the  wheel  was  taken  up  and  examined.  A  few  changes  were 
made,  then  it  was  reset  and  again  tested,  when  the  following  results  were 
obtained : 


Gate  Opened 


Whole  Gate, 


«< 


«« 


Part  Gate, 


<« 
(f 
(t 
«< 


Head 

Rev  per 

Horse 

Cubic 

minute 

Power 

Feet 

18.02 

217 

70.58 

2478.60 

18.04 

206 

70.52 

2466.04 

18.06 

214 

70.03 

2391.04 

18.17 

214.5 

64.35 

2167.29 

18.23 

213.5 

64.05 

2083.25 

18.26 

212 

57.81 

1944.50 

18.34 

210 

53.45 

1820.13 

18.38 

209.5 

48.56 

1690.89 

18.57 

211 

32.12 

1250.50 

Per 
Cent 

.8361 
.8386 
.8579 
.8644 
.8922 
.8612 
.8470 
.8267 
.7291 


As  high  useful  effect  at  whole  gate  had  been  obtained  hj  several  builders,  but 
no  such  average  at  all  stages  of  gate  opening.  In  capacity,  however,  the  Her- 
cules took  a  stand  so  entirely  above  that  of  any  turbine  ever  before  produced, 
that  it  seemed  a  good  starting  point  for  bringing  all  builders  into  harmony  for 
their  own  and  the  public  good.  I  immediately  opened  a  correspondence  with 
the  best  builders  oi  the  country,  urging  the  abandonment  of  inferior  wheels  and 
the  advantage  of  uniting  upon  the  plans  of  the  Hercules,  paying  the  patentees  a 
small  royalty,  and  cacTi  builder  striving  to  excel.  The  idea  was  favorably 
received.  In  the  meantime  the  patentees  hastily  disposed  of  their  right  to  build 
for  the  Western  States.  This,  of  course,  ended  the  chance  for  a  union  of  build- 
ers. The  contract,  however,  was  soon  canceled ;  then  the  patentees  offered  the 
Holyoke  Machine  Company  certain  exclusive  rights  in  their  patent.  I  opposed 
the  negotiations,  because  I  believed  then,  and  continue  to  believe,  that  it  would 
be  better  for  all  to  have  a  union  of  the  best  builders,  instead  of  a  continuance  of 
the  ruinous  competition  of  the  past  upon  inferior  plans,  which  only  serves  to 
hinder  the  perfection  of  the  best.  Turbine  building  is  not  sufficiently  under- 
stood to  allow  of  its  being  considered  a  science ;  it  is  simply  *'  cut  and  try.**  I 
know  of  no  builder  that  with  certainty  can  make  two  turbines,  that  will  give  the 
same  results,  even  made  from  the  same  pattern.  Until  that  can  be  done,  the 
manufacturing  interest  must  suffer,  unless  manufacturers  use  the  greatest 
care  in  the  selection  of  turbines.  What  is  almost  invariably  needed,  is  a  wheel 
that  will  economize  water  at  any  stage  of  gate  opening,  so  that  either  the  abund- 
ance of  the  spring  and  fall  months,  or  the  scarcer  quantity  of  summer,  may  be 
utilized  in  full.  To  do  this,  turbine  builders  must  be  able  to  produce  turbines 
that  will  give  their  best  percentasre  at  either  one-half,  five-eighths,  three-fourths, 
seven-eighths,  or  whole  gate,  as  may  best  adapt  each  for  the  place  where  it  is  to 
be  used.  Such  a  wheel  should  be  good  at  any  stage  of  gate  opening,  and  when 
such  can  be  produced  with  certainty,  then  turbine  building  may  properly  be 
considered  a  science  and  not  before,  for  such  wheels  are  possible.  Our  rivers 
and  streams  are  all  extremely  variable  in  supply  of  water — that  of  the  sum- 
mer months  often  being  less  than  one-fourth  of  what  it  is  for  the  rest  of  the 
year;  and  three-fourths  of  the  larger  quantity  is  almost  invariably  allowed  to 
run  to  waste,  because  wheels  of  sufficient  capacity  to  utilize  the  maximum 
have  generally  proved  to  be  incapable  of  transmitting  any  power  from  the  use 
of  the  minimum  supply. 

I  have  tested  about  eighty  of  these  wheels,  and,  as  mav  be  seen  by  the  ^dia- 
grams, the  variations  have  been  great,  and  there  are  no  gooa  reasons  for  believing 
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Lt  they  will  be  leu  lo  in  Uio  fi 
liout  flugrt  on  gate.  In  ind 
fcr«Me.  TlattheioiopiJiydei 


:re.    Mid;  cT  thorn  ai 


It  wliceJfl  eliould  1h  tested  before  accepLaDCCi  iad  hereal^er  we  nhaU  furni^ 

wheel  teited  after  it  is*et  in  hi>  miU.' we  will  malie  the  test  there,  if  the  por- 
chuer  will  pay  the  extra  expeose  incurred  thereby.  And  we  believe  the  wfest 
snd  niDit  ccnnomicsl  way  to  fUndsh  mills  with  power,  is  to  fim  oacenun  exactly 
what  la  required,  and  we  will  iiend  m  engineer  at  the  eipenee  of  the  porchaser, 
to  any  mill,  who  will  consnlt  with  the  proprietor,  make  examinations,  using  suil- 
ablo  iqatninienn  when  deemed  neceaury.  ascertain  the  quantity  of  water  stbiI- 
ahle  etc  etc.,  and  [hen  furnish  wheels  that  we  will  ^arantee  to  do  Iho  work  in 
an  economical  manner  and  to  Rive  the  maximum  of  power  promised  by  ua ;  but 
it  mnst  be  plainly  underwood  that  we  do  not  promise  to  fumish  a  gircn  amount 
of  power  with  c  leaa  <iuanlity  of  water  than  flied  upon  at  the  time  of  makioe 
(he  examinaiioD,  or  that  our  wheel  or  wheel!  will  run  the  mill  if  additional 
machinery  is  added.  „  ,.  „ 

"HoLiosi  UacHmi  CoaritBT. 
"NoYcmber  at,  IBYS." 

The  constant  Tarialions  of  the  wheels,  and  a  lack  of  appreda«on  of  purchas- 
ers, caused  an  abandonmcDl  of  the  the  plan  eunicsted  in  the  cu-d,  and  now  the 
wheels  are  sent  away  without  any  knowledge  of  their  efficiency. 


D.  P.  Blackstone's  Wheel,  Berlin,  Wis. 


T  curb  represented  abgre 


Head. 

W-'f'"-  minu''t^' 

H.P. 

feet 

Far 
Genu 

s'&sr 

l.fiO 

«5        15B 
240         158.6 

M-7S 

aiM-17 

■?SJ? 

Aw 

thertO-inch,  InLelKIcur 

Head. 

Weight-  ^^P^' 

H.P. 

feet. 

Cfnl 

17.7S 

i8:» 

1000            72 
DW>             70 

*W            76 

78.18 

3U3.S7 

2»».64 

FattGate, 

17310 
.B3M 
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The  54-iDeb  whefU  were  ublod  and  w 

I  tbe  wstei 
mi(,hl  haye 


cntUf!  of  Dse^l  tflbct  from 


^rfl  HT«ruro  depth,  SB  feet  In 
ell7  being  so  gicat  ■■  to  caiue  it  lo  break  Hbite,  the  Ml  being  M 
kU  khukued. 
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riSaTS  OF  A  36.INCH  AND  OF  A  4ft-INCH  TUTTLE  WHESL 
SMITH  &  MEADE&'S  MUUI^  WATBKVLLLB,  ME. 


36-iBoh. 

lley, 

per 
Minate. 

Weight 

in 
Poondfl. 

Hone 
Power. 

Head 

in 
Feet. 

Weir. 

Gnbic 

Feet 

Difich'd. 

P»r 

Ko.  of  Test. 

Cent. 

Whole  Gate.  1... 

^1... 

"         12. . . 

Part  Gate,  13... 

"           14. . . 

48-iiicli. 

Whole  Gate.  1... 
'*          ft 

"           9... 
"          10... 
"          11... 
**         12 
J^Gate,       13.'!; 

190.8 

162.6 

161 

175 

168 

148.4 

140 

138.5 

137 

130 

125 

161 

425 
600 
616 
326 
130 

900 
1000 
1025 
1050 
1100 
1150 

426 

36.86 
44.% 
46.01 
26.82 
9,98 

60.71 
68.68 
64  J» 
66.38 
66.00 
6iB*88 
31.11 

15.86 
15.84 
16.79 
16.68 
17.22 

14.53 
14.47 
14.45 
14.48 
14.48 
14.48 
15.73 

1.438 
1.450 
1.446 
1.260 
.963 

^•§34 
1.630 
1.630 
1.632 
1.680 
1.632 
1.312 

2746.83 
2779.65 
2768.70 
2227.83 
1489.98 

41.%'(.02 
4145.97 
4145.97 
4149.62 
4145.97 
4149.62 
2902.90 

.4479 
Ma6 
J»572 
.3698 
.2086 

J>248 

Ji6l2 

.5831 

.6626 

J>72 

.67? 

.849 

TESTS  OF  A  42.IKCH  TTLEB,  AKD  A  42-INOH  REYNOLDS  WHEEL, 
AT  YASSALBORO*  WOOLEN  MILLS,  YAS9ALBORO*,  ME. 


Tyler. 


No.  of  Test. 


Whole  Gate,  1. 
"  2. 

"  3. 

"  4. 

ReynolcU. 


Gate, 


Part  Gate.  1. 

2. 

3. 

4.. 

6. 

6. 

Whole  Gate,  7.. 
"  8., 


Rev. 

Weight 

Dor 
Mi^te. 

in 
Pounds. 

168.6 

700 

164.4 

760 

160.8 
144.6 

600 

1100 

139 

800 

168.6 

750 

172.5 

775 

173.5 

800 

161 

860 

149.6 

900 

166 

1000 

161.6 

1100 

Horse 
Power. 


68.65 
66.05 
58.47 
72.80 


60.64 
67.44 
57.74 
63.09 
68.20 
6120 
75.45 
80.80 


Head 

Cubic 

in 

Weir. 

Feet 

Feet. 

Disch'd. 

27.21 

1.264 

2609.50 

27.21 

1.282 

2664.84 

27.21 

1.282 

2664.84 

37.21 

1.297 

2776.10 

28 

1.210 

2436.82 

28 

1.210 

2436.82 

28 

1.2t0 

2436.82 

28 

1.210 

2436.82 

28 

1.210 

2436.82 

28 

1.210 

2496.82 

2S 

1.297 

2n6.t0 

28 

1.297 

2776.10 

Per 
Cent. 


.3999 
.4009 


JS063 


.3018 
.4463 

.4477 
.4«t92 


.4746 


JW16 


This  certifies,  that  <m  the  8th  and  9th  ef  thif  fotghth  I  tested  two  4a-ineh 
water-wheels  at  the  vassalboro'  WoqIab  Mills,  vatsalboro'.  Me.,  Gtoorge 
Wilkina,  Agent. 

The  first  was  called  a  Tyler  wheel,  though  not  m«d6  or  furnished  by  Mr. 
ryler.  Regulator  speed  of  wheel  170  rsvolotions  net  ml&nte.  The  test  proved 
that  it  was  run  at  a  velocity  much  too  high  to  utuise  its  greatest  eflfectiveness. 

Second  wheel,  a  "  Reynolds."  Testing  first  with  gate  open  the  same  as 
when  running  all  the  machinery  attached  to  it,  s(|t  tests ;  then  the  gate  was 
opened  in  full;  with  1100  pounds  on  uie  spate  beam  the  wheel  ran  very  un- 
steadily, so  much  so  that  it  was  <)oiuild«r«d  uMleaitO  ttj  it  with  more  weiglit. 

Weir  10  feet  in  length,  sectional  area  appifoachlhg  weir  25  feet  in  width, 
depth  below  crest  2.6  feet. 
<A«cU  16, 1872.  JAMES  EMERSON. 
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Bo7den  Turbine. 


rlablr  mitltcs  Inqui 
iinmrieseicept,  p. 
efficiency,  wheihur  i 


9  mrbine,  more  i^orttnco  Is  dlBpliyed  thsn  a  well-ntBlicr 
unaledge  lies  dnrmaat  in  Ihe  nverngc  biuincsB  niiii  of 
g  Bay  other  kind  of  tarbine  tbe  purcbucr  almost  inva- 


ippulDs  all  to  be  mUkt 
B  verieH  botch.  Then 
:d  dlachar^  v' 


builder  knows 


the  Humplirer  and  every  ntbci  turbine,  bal  Boch  rcaalls  are  rarely  conBrmed 
when  the  wheels  are  leBtvd  by  competent  di«nterested  enKlneera.    OrCourBoy- 

crut.  Btta]  effect,  the  fourth  gave  47.  '  AC  UnionTUle,  Conn..  Pletucr  I  Porter 
Uf's  Co.,  a  tot  or  one  gave  ei  IKr  cent.     XIio  wheel  was  bnllt  by  (he  Ames  HPg 

datVoa  or  Ibat  Mylx  or  (orUoe.  A  nlce'hrais  bucket  wheel,  made  by  IlTaime 
Cumpauy  in  ISTI,  T2  inches  in  diameter,  61  openings,  each  7.ZS  incbea  in  height. 
I  finches  in  width,  rated  to  dHoharge  «3fl»  cnhlo  reet  of  water  under  Mleel 
bead,  H  0§  reTolulions  per  minute,  and  to  glre  SIT  bone  power,  was  tested  at 
the  Dwlgfct  No.  T  mill,  Cbieo'        ~ 


(peed  are  giTen 

helnw: 

r    , 

' 

* 

Head  in 

Weight. 

tluns. 

K" 

Cubic  ft. 

KK»y.:: 

33S) 
23.50 

s 

W.1 

■s 

434l!e3 

.7S6S 

isosi 
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From  Ibe  time 

Ota 

ePhilac 

Iphia  turbtn 

Mr.ffi-donl.MO 

!s;.,l£?'is.;s 

W^rbinc;  Jetthc  lin 

by  machine 

Ihanlha 

t  of  the  ordi 

si'Srjz-. 

_S1 

toffMliir 

by  tlie  Holy 
for  forming  t 

joke  m>de  whec 

■BtPflc! 

than  IhoM 

gtBcrBlllungUie 

!h', 

*J".>'.^.° 

ret  tested,  w 

esls  Id  lSM-60,  up  to  the  present, 
Beries  of  experiments  for  the  pur- 
above  Bhow  decided  TUiotiouB  in 
constructed  br  one  ao  nklllful.  how 
opaBj-9  jorrel]'  as  a  bn-incM,  wiib- 
■j  foreman?  The  H-infh,  repr?- 
Maciiine  Co.,  IhouRh  Mr.  lUwlon 
buckeU.  Many  more  of  the  nol- 
le nbolly  by  Hr.  Biadon.     As  a 


BBestcd  bv  such  tests,  the  result 
Bts  proyed  conolnslTely  Itat  pure! 


very  hish  al 
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THOMPSON  &  HOLCOMB  WHEEL 

TbiB  certifies  that  a  Water  Vlieely  30  inches  ia  cUametery  made  of  CMt  itfrn, 
fly-trap  gates— downward  discharge, — in  form  somewhat  like  the  Honston, 
known  as  the  Thompson  Turbine,  was  sent  to  the  Holyoke  Testins  Flume  by 
A.  r.  Holcomb  of  Silver  Greek,  N.  T.,  to  be  tested.  The  figures  showing  the 
results  obtained  by  me,  may  be  found  below.  During  the  test,  the  scale  beam 
was  attached  to  the  brake  at  a  point,  which,  if  revoWing,  would  describe  a 
circle  fifteen  feet  in  circumference,  consequently  the  revolutions  of  the  wheel 
must  be  multiplied  by  fifteen  to  obtain  the  correct  speed. 

Length  of  Weir 6  feet. 

Temperature  of  Water, S2o  Fah. 

Weight  of  Water,  per  cubic  foot, •    •    62.875. 

Ck>rrection  for  Leakage,  18  feet  head, •    .    18.10  cubic  leet 

Correction  for  Leakage,  12  feet  head, ll.K)  cubic  feet. 

Correction  for  Leakage,  6  feet  head, 9.10  cubic  feet. 

A  second  trial  of  the  same  wheel  to  fiscertain  the  efiect  of  short  extensions 
added  to  the  outer  end  of  chutes,  for  the  purpose  of  rounding  or  flaring  them 
when  open.  These  extensions  prevented  the  gates  from  beins  opined  quite 
as  wide  as  without  them,  consequently  less  water  was  discharged.  The  partial 
gate  at  first  trial  gave  best  percei|tage,  but  owing  to  a  breakage  of  the  gatei* 
by  the  ice  at  the  second  trial,  no  part  ^te  tests  could  be  taken. 

The  wheel  run  very  steady,  was  easily  regulated,  and  from  its  high  speed  is 
a  favorite  with  those  who  have  it  in  use :  ita  gates,  like  the  Leflel  and  all  <rf 
that  class,  would  be  likely  to  become  leaky. 


No.  of  Test. 


Whole  Gate,  2 

"  8 

••  4 

••  5 

»♦  « 

**  7 

••  8 

"  9 

*•  10 

HEAD  REDUCED. 

Ifhole  Gate,  IS 

•'  14 

••  IS 

••  10 

**  17 

••  1« 

•»  1» 

•«       a) 

MEAD  REDUCED. 

Whole  Gate,  28 

••         24 

"         25 

«•  26 

J11I7  12th. 

Test  cf  the  name  wheel 
before  extensions 
were  added. 

Whole  Gate,  SS 

"  29 

FkrtGate,      flO 

••  31 

*  92 

••  33 

o*.   .... 


Head. 

Weight 

Rev.  per 
Minute. 

18.44 

390 

220.5 

18.45 

400 

zeo 

18.42 

410 

221 

18.40 

420 

218 

18.39 

480 

m 

I8.8S 

440 

2U 

]8.a8 

450 

207  J( 

18.35 

460 

SQ3 

18.26 

450 

205.8 

12.19 

seo 

183 

12.18 

270 

178 

12.18 

280 

172 

12.18 

290 

170 

12.17 

800 

161.5 

12.17 

810 

166.7 

12.18 

285 

169.5 

12.18 

295 

164 

6.eo 

130 

139 

6.69 

135 

U6 

6.58 

140 

13-i.5 

6.5B 

145 

12B 

18.10 

460 

206 

6.41 

160 

108.5 

18.25 

400 

203 

18.88 

SH> 

206 

18.4i 

200 

207 

18.50 

200 

207.5 

6.60 

125 

102 

Horse 
Power. 


89.09 
40.00 
41.18 
41 .82 
42.02 
42.20 
42.44 
42.42 
41.99 


21.62 
21.84 
21.89 
22.40 
21.95 
22.08 
21.96 
21.99 


8.34 
8.21 
8.48 

8.48 


43.07 
7.53 
36.60 
30.70 
23.86 
18.86 
6.26 


Weir. 


1.226 
1.243 
1.954 
1.262 
1.2G0 
1.268 
1.261 
1.260 
1.260 


1.080 
1.082 
1.086 
1.088 
1.091 
1.091 
1.087 
1.068 


.878 
.878 
.876 
.877 


1.174 

.800 
1.040 

.818 
.720 
.669 


Cubic 
Feet. 


1547.76 
1579.39 
1699.95 
1614.97 
1611.20 
1607.46 
1613.09 
1611.20 
1611.20 


1286.96 
1289.47 
1294.75 
1300.08 
1305.30 
lS05.aO 
1298.27 
1800.03 


940.26 
948.28 
945.08 
946.8B 


Per 
Gent 


1718.41 

974.88 

1433.27 

1280.52 

1004.54 
880.88 
747.68 


.725 
.726 
.741 
.748 
.762 
.758 
.757 
.750 
.755 


.780 
716 
J84 
.745 
.fSl 
.785 
.785 
.781 


.711 
.685 
.717 
.700 


JU 


.742 
.722 
.678 
.661 
.078 


HoiiTOKX,.  ]ifASg.»  December  18, 1872 


JAMES  EMEBSON. 
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Rodney  Hunt  Machine  Co.^ 


•  •• 


This  certifies  that  a  Water  Wheel,  thirty  inches  in  diameter, 
made  of  cast  iron,  central  and  downward  discharge,  known  as  tbe 
Hunt  Doable  Action  Turbine  was  sent  to  the  Holtoke  Testing 
Flume  by  the  Rodney  Hunt  Machine  Co.,  of  Orange,  Mass.,  to 
be  tested.  The  date  of  each  test  and  the  figures  showing  the  exact 
results  obtained  by  me,  may  be  found  on  the  following  pages.  Dur- 
ing the  test  tlie  scale  beam  was  attached  to  the  brcoce  at  a  point, 
which,  if  revolving,  would  describe  a  circle  fifteen  feet  in  circum- 
ference, consequently  the  revolutions  of  the  wheel  must  be  multiplied 
by  fifteen  to  obtain  the  correct  speed.    Data  for  one  minute  : 

Length  of  Weir, .6  feet 

Temperature  of  Water, 40°  Fah. 

Weight  of  Water,  per  cubic  foot 62.373. 

Correction  for  Leakage,  18  feet  head,      .        .        .    14.20  cubic  feet. 
Correction  for  Leakage,  12  feet  head,  .        .        12.20  cubic  feet. 

Correction  for  Leakage,  6  feet  head,       .        .        .    10.20  cubic  feet 


No.  of  Test. 

Head. 

Weight 

Bev. 

per 

Minute. 

Hone 
Power. 

Weir. 

Cubic 
Feet 

Per 
Cent- 
age. 

Whole  Qate, 

18.84 

660 

126.6 

37.08 

1.192 

1473.94 

.7246 

18.86 

626 

177.6 

42.86 

1.179 

1460.17 

.8388 

"        12... 

18.36 

640 

in 

41.06 

1.180 

1461.99 

.8187 

«        18. . . 

18.86 

560 

168.6 

42.12 

1.184 

1469.80 

.8276 

"        14... 

18.84 

660 

166 

42.26 

1.187 

1474.80 

.8260 

"        16... 

18.84 

630 

176.6 

42.62 

1.181 

1463.82 

.8386 

"        16. . . 

18.86 

520 

180.0 

42.66 

1.178 

1468.34 

.8483 

"        17. . . 

18.86 

610 

183 

42.42 

1.178 

1449.23 

.8426 

"        18. . . 

18.86 

600 

185 

42.04 

1.170 

1443.77 

.8409 

Part  Gate,  19... 

20... 

18.37 

476 

190 

41.02 

1.168 

1422.00 

.8306 

"           21... 

18.88 

490 

186 

41.42 

1.160 

1425.62 

.8374 

"           22... 

18  36 

600 

183 

41.69 

1.168 

1427.48 

.8386 

"            28... 

18.42 

440 

182.7 

86  64 

1.123 

>369.02 

.7722 

"            24... 

18.40 

460 

186.5 

87.94 

1.126 

1362.62 

.8066 

"            25... 

18.40 

460 

176.6 

36.92 

1.128 

1368.69 

.7756 

"            26... 

18.61 

260 

179 

20.34 

.932 

1030.04 

.5613 

27... 

18.60 

236 

186 

19.76 

.927 

1022.66 

JM86 

••             28.. 

18.86 

75 

176.2 

6.01 

.727 

710.89 

.2376 

Head  Reduced. 

"            30... 

12.24 

250 

173.8 

19.69 

.983 

1117.88 

.7680 

"            81... 

12.20 

275 

166 

20.62 

.995 

1188.16 

.7856 

82... 

12.19 

300 

167.6 

21.47 

1.007 

1168.66 

.804 

88... 

12.17 

320 

161 

21.96 

1.018 

1187.33 

.804 

84... 

12.16 

340 

146 

22.41 

1.027 

1192,77 

.8199 

"            86... 

12.13 

350 

141.6 

22.51 

1.012 

1201.87 

.817 

"            86... 

12.18 

360 

137 

22.41 

1.086 

1208.27 

.8088 

"            87... 

12.13 

370 

134.6 

22.62 

1.037 

1209.99 

.8172 

"            88... 

12.18 

380 

129 

22.28 

1.087 

1209.99 

.803 

89... 

12.18 

890 

124 

21.98 

1.040 

1S15.17 

.7889 

Hunt* s  Double  Action  Torbins  Wheel. 

The  cnt  U  tbe  left  repnaenU  the  Hunt  curb,  with  the  doirnnrd  utd  ontwud 
dlHtuTKe  vheel  which  gave  the  nsulu  nportcd  in  the  ueoud  Ubln  tnlow ;  the 
olhcicut  teprrieDU  the  wheel  Renenlly  used  by  ths  Hani  Muhlne  Co.,  (the 
8w*ltl)  i  and  the  one  girtng  the  naolM  reported  in  the  Brat  uble  l>elaw.  ^ta, 
thoae  aJMiD  the  opposite  page. 


Te>tor>U.>iichHiiiiU 

wainw 

eel. 

Hcod. 

Wdght 

minote 

H.P. 

feet. 

oSl 

li:89 

m6 
300 

87.1 

1 

ajsalai 

::  ::  .::::::::::::::::: 

'.in 

it  of  ■  HoDt-Flint  wheel,  down 


He^. 

Weight. 

^ml' 

H.P. 

Cubic 
feet. 

Per 
Cent. 

Kf^;.™;.-.-.-.v::;:;::;:: 

18.33 

1 

W 

i 

ism!o8 

^ 

"     •'        

.1216 

TeM  at  ■  Hunt  wheel,  dow 

werddis 

charge. i 

» the  »D 

ecDrbutheone 

.boie. 

Hc«d. 

Weight. 

Bg.per 

Hone 

Power. 

Cubic 

Per 

Cent. 

jsw 

625 

180 
178 

M.40 
12.17 
31 .9S 

lefiLST 

PMtG«te 

.7811 

262 
dates  Oartis,  Ogdensbarg,  N.  Y. 


CUBTIS  TTTBBINB. 


llu  wheel  is  dlngoDitl  m  abtpe.like  (he  BoiutDn,  bat  hu  u  In^de  Regiiii 
Tut  or  >  IT-lDch  wheel. 


^ 


Mr.  Curds  kIid  nukea  the  wheel  wilh  open 
iDtei.Dinltline  eUe,  nllowmE  the  wheel  to 
in  St  full  gate  at  all  tlmee.  rrgnlatiiiK  ipeed 
y  heiMl  in  fori'hari  usiuK  m  wicket  rale 
etween  flmne  uid  forebay.  A  2&.uit:h  made 
I  that  way,  ^(ted  at  mf  flume  giiTC  the 


"-■■l'"i"-i"|ss-|"' 

thoJ.  Q.U, 

■-si'^j.z  '-"idr 

■il|i  i'  5i|'sg|l 

iiiiiiili 

Hmnmiiig  Bird  Wheels. 

dS'inch  wheels,  sent  by  Willie  Bead,  Danbury,  Oonn, 

Through  some  pecnliarity  of  constniction,  which,  without  illiutration,  is  inde. 
scribable,  these  wheels  keep  np  a  constaDthQinmiiigsoand  while  nmning;  hence 
their  name.  Mr.  Bead  was  promptly  on  hand  with  his  wheel,  which  was  tested 
Sept.  6.  From  information  obtained  by  the  test,  he  took  a  new  departure  and 
conatructed  another  wheel,  which  was  tested  Oct.  15.  The  results  of  each  may 
be  found  below.  The  workmanship  of  the  wheels  would  hardly  cause  manu- 
facturers  to  look  for  machinery  in  Danbury. 


Data  below  for  one  minute.    Multiply  revoIutionB  by  20. 


Gate  Opened 

Head 

Weight 

Rey  per 
minute 

Horse 
Power 

Cubic 
Feet 

Per 
Cent 

Whole  Gate 

17.95 

1550 

000 

000 

000 

i«          ti 

18.02 

750 

103 

46.81 

2187.30 

.6287 

t*          t* 

18.02 

775 

102 

47.91 

2211.71 

.6366 

M                  U 

18.00 

800 

100.5 

48.72 

2218.70 

.6473 

<(                  (( 

18.00 

825 

98.2 

^9,60 

2232.70 

.6538 

I(                  U 

17.98 

850 

97.5 

50.22 

2246.73 

.6581 

«                  It 

17.98 

875 

96 

50.90 

2260.77 

.6629 

<«                  (« 

17.97 

900 

95 

51.81 

2271.33 

.6720 

•t                  (( 

17.96 

925 

93.5 

52.42 

2806.62 

.6702 

<«                  <l 

17.94 

950 

90 

51.82 

2338.53 

.6537 

Part  Gate. 

18.40 

425 

98.3 

24.03 

1210.67 

.5734 

u             «• 

18.41 

400 

100 

24.24 

1106.08 

.5828 

M              l« 

18.45 

400 

92 

22.30 

1089.69 

.5872 

l«              «« 

18.41 

420 

96.7 

24.78 

1255.49 

.5670 

M              M 

18.40 

500 

91.6 

27.72 

1269.56 

.6283 

«              M 

ISM 

600 

88.5 

32.18 

1398.88 

.6640 

(«             M 

18.32 

600 

91 

33.09 

1472.63 

.6493 

«<             M 

18.18 

70O 

96 

40.72 

1827.76 

.6488 

<*             «« 

18.16 

750 

93.2 

42.36 

1887.49 

.6541 

«             (« 

18.13 

775 

93.5 

43.94 

1944.34 

.6598 

((             « 

18.22 

650 

95 

37.42 

1732.81 

.6275 

Tested  October  15. 


Whole  Gate.    ,    .    .    .    .    i 

17.81 

1600 

000 

000 

2642.89 

000 

««          If 

•            4 

17.85 

800 

107.5 

52.12 

2474.90 

.6246 

<l                             l< 

17.85 

850 

103 

63.06 

2485.76 

.6331 

"                             *' 

17.84 

900 

95.8 

52.26 

2661.18 

.6078 

II                             11 

17.83 

825 

106 

63.00 

2508.88 

.6286 

II                             11 

17.83 

860 

103.3 

53.21 

2614.77 

.6283 

II                             II 

17.85 

875 

99.6 

52.78 

2664.88 

.6127 

Part  Gate. 

18.06 

700 

97.3 

41.27 

2042.38 

.5923 

II        II 

18.02 

675 

100.3 

41.03 

2035.56 

.5922 

II        II 

18.04 

660 

102.6 

40.41 

2036.56 

.5826 

II        II 

18.20 

500 

104.2 

31.67 

1688.73 

.5454 

<i        i< 

18.18 

525 

103.2 

82.83 

1680.61 

.5689 

M              II 

18.32 

400 

95.6 

23.17 

1828.28 

.6041 

l«              II 

18.34 

360 

103 

21.90 

1301.28 

.4847 

«•              II 

18.57 

200 

93.5 

11.94 

908.29 

.3760 

M             II 

18.44 

2.50 

105 

11.59 

1079.87 

.3081 

M   .         «l 

18.06 

650 

106 

41.75 

1981.13 

.6192 

M             II                    , 

18.20 

500 

106.8 

32.36 

1651.78 

.5699 

l«             <• 

18.36 

360 

106 

22.48 

1277.42 

.6078 

Whole  Gate.    . 

17.84 

850 

107.5  J 

56.38 

2532.96 

.6489 
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HOUSTON  WHEEL 

TUi  eertiflet,  Hut «  Wmter  Wheel  £0  inches  in  diameter,  made  of 
t  iron,  out  whole,  Ihwiater  gate,  known  as  the  Hoiuton  Water 

— ' '-  '■'--  Holjoke  TeMiug  Flnme  bj  O,  R  HemU  & 

obe  leeted. 


PrerimiB  to  the  trial  of  Hiib  wheel  it  had  been  frozen  toUd  In  lee  at 
the  battom  of  the  flume  for  two  weeks ;  to  dear  it,  croitbars,  blocks 
of  wood,  axes  and  other  implementa  were  used,  Bome  of  which  en- 
tered the  wheel  with  a  crash  when  it  lirst  started,  probablj  throwing 
it  out  of  center,  for  it  required  the  strength  of  two  men  appUed  to 
tlio  rim  of  the  brake  (sii  feet  in  diameter)  to  turn  the  wheel  wbMi 
the  gale  was  doled. 


»65 


E.  L.  SMALL,  URBANA,  OHIO. 

nndtB  obtained  vmj  be  Ibnnd  balmr.  The  paoulbultr  ef  the  whad 
ta  In  Its  ate*  and  buckets,  tbt  galea  betiie  ibnplT  larfe  (anesta.  The 
ta  are  Hke  alullair  boiea,  — Mr.  Small  bellevfiii  anglte  bettei  UUM 
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J.  W.  UPHAM.  WORCESTER,  MASS. 

Mr.  IMMi  luw  been  in  the  Wainr  Wheel  bmiiMae  fin-  many  yean,  and  ii 
known  wr  his  eterling  intMji^.  The  wheel  he  now  builds  is  one  similar  to 
the  Houston  Wheel  inserted.  It  has  a  rMister  gate  that  works  Teiy  easily,  as 
|t  is  on  the  Inside  at  the  top  and  smalL  The  figures  below  were  obtained  firom 
vials  at  mv  Lowell  Home.  The  two  last  sets  of  figures  are  giren  to  show  the 
Veed  at  which  it  maj  be  ran,  and  produce  good  power. 


WlOm  ef  T6N. 


WhotoGtto.  1.  .. 

*•  «... 

•*  3.  .  . 

•*  4... 

*•  «... 

••  f.  .  . 

••  f... 

••        «... 

**        10.  . . 
••       11 . . . 

IMi  of  amMaier  wlMel 
«fth«Muaeluiid. 

Gate,U 

*•         14.  .  .  . 


HCMt. 

Weight. 

Her.  per 
Minute. 

Hone 
Power. 

ww^^»» 

CnUe 
Feet. 

15.48 

2B0 

SS8.I 

8r.l0 

.965 

VMM 

U.45 

au 

201JS 

96.10 

.915 

isajtt 

1A.46 

810 

19SJK 

87.27 

.987 

laoisjs 

15.466 

380 

1795 

96.99 

.988 

119S.96 

15.48 

875 

316.5 

27.06 

.an 

12SiJ« 

15.48 

290 

20O.5 

27.09 

.944 

m9M 

15.« 

80O 

198 

27.00 

.9«0 

ISIIJK 

15.425 

310 

198.5 

27  J7 

.986 

1108.66 

15.42 

9S0 

186L5 

27.18 

.982 

1196.96 

15.43 

880 

176.5 

A47 

.9S 

1UB.30 

15.39 

aoo 

198 

27.00 

.9fD 

lfll.86 

15.60 

no 

tn 

1S.18 

lair 

in9.Q8 

15^ 

SBO 

m 

SSwni 

1.084 

1175X1 

Fto 
Cent 


J37 
.788 
.774 
.770 
.752 
J«i 
.765 
.777 
.778 
.761 


JSOi 


E.  O.  Libby.  Medford,  Mass. 


The  wheelf  illnstnted  In  the  Upham  report  above,  was  designed  bv  Mr.  libbr, 
who  has  recently  applied  the  water  to  the  same  kind  of  wheel,  but  throaKii 
chutes  similar  to  those  of  the  Hercules.  A  25-inch  wheel  so  ammged  was 
tested  by  me,  Aug.  5, 1878,  giving  the  following  results : 


Head. 

Weight. 

Bey.permin. 

Horse  Power 

Cable  feet. 

Per  Cent. 

18.23 
18.35 
18.38 
18.48 

350 
250 
200 
100 

298 
288.5 
293 
309.5 

47.40 
33.92 
26.63 
14.06 

2101.35 
1847.54 
1688.89 
1398.52 

.6552 
.5297 
.4643 
.2800 

s67 
N.  F.  BURNHAM,  YORK,  PENN. 


Mo-oITMt 

H«>d. 

WBlght 

Ml^te. 

Ho«e 

Wrir. 

"is 

iZ. 

Vnol*  Qste,  1. . . 

809 

T60 

IBS 

53.18 

.308 

i9Mja 

.im 

siia 

80) 

IGl 

.309 

im.7T 

.787 

B.10 

aid 

66.22 

.311 

2001.2; 

JOB 

H.IS 

.812 

J07 

B.10 

880 

1« 

66-48 

.813 

2006: 18 

.810 

m 

lUJi 

.310 

2012.66 

.701 

is«t 

m 

iie.4 

46.25 

1,200 

1766.97 

.747 

'^SfTbKErs... 

IB  JO 

<u 

14S.4 

40,93 

l.MJ 

1642.7* 

.722 

"Jsirti^*... 

1B.22 

wo 

M7.2 

83.47 

1.082 

1464,91 

466 

"JSlTbEErJo... 

18.W 

HT 

24.39 

.679 

WboleUale,!!... 

18.11 

830 

46.4 

GG.13 

J087.U 

.7H 

PkrtOMe,   13... 

18.20 

680 

47.4 

46.60 

1812.68 

.730 

4B 

1708.60 

.eeo 

wbS?GliS;i4::: 

J8JM) 

too 

48 

ssiis 

1606  JG 

.039 

16... 

1B.8I 

see 

4fl 

34.39 

.969 

1262.11 

.667 

H*wl  Rtdactd. 

Wlu)lepata.iT.. 

1S.M 

«o 

137 

28.02 

1688.21 

.m 

|n.82 

1000.S6 

.778 

12,13 

29:47 

1:139 

1628:29 

:79! 

I6M.77 

.78« 

sail 

12:09 

676 

110 

so:c6 

Liei 

1661.78 

.798 
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Patent  Ourbs- 

Dealgned  to  Eoonomlze  V^ateF  s 


'0    At  «  time^    tested   M&7, 
II.     Wheel  a  rough  Imitt 


d.iitMopcn.pere'lgc.83«. 

chntcBopcn.ptrc'tgc 

47M. 

chutes  opeo,  pere'igt 

305S. 

rhutes  open,  perctgc 

296S. 

J.  T.  Case,  Bristol,  Conn. 

National  Water  Wheel  Company. 

8««  Beport  of  Tens  tor  thai  Compuir. 


John  L.  Stowe,  Newark, 
New  Jersey. 


Test  of 

nU-m 

Ji,Ap 

ril.  1ST8 

Head. 

Wht, 

Rev. 

n.p 

feet. 

Cent 

KM 

3W 

W 

22-6(1 

854:^ 
fl07,23 

.WT6 

and  Case  chutes  ue  closed 
•.I   ends,  wliile    (ho  Blows 


369 
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^"^ 


List  of  ^^heels  Tested. 


Those  having  a  star  plaoed  b^ore  name  are  apedaUy  reported^ 

*AnBicAN»  Stout,  BiillB  &  Temple,  Dajton,  Ohio.  The  best  of  the  early 
wheels. 

^Anobll,  Providence,  B.  I.  Double  discharge,  central  and  down.  Buckets 
cast  separate,  then  bolted  to  hub,  very  apt  to  shear  off.  Fly  trap  gates,  very 
leaky;  is  steadier, gives  more  power  and  higher  useful  effect  with  central  dis- 
charge stopped. 

Abrowsmith,  Lockport,  N.  T.  Central  discharge  with  sheets  of  steel 
extending  the  inner  edge  of  buckets  until  they  met  like  the  sides  of  a  wedge 
upon  the  supposition  iAAt  at  pari  gate  the  pressure  of  water  would  regulate  the 
op'*niBg,  atid  produce  high  percentage  at  any  stage  of  gate.  The  plan  was  a  faul- 
are.    Highest  useful  effect,  68  per  cent. 

*BuBiiHAM,  York,  Pa.    Downward  discharge.    Outside  register  gate. 

*BoTDEN  FouRNBYROM.    Made  at  Chieopee,  Holyoke  and  other  places.    Oat 
ward  discharge.    Poor  at  part  gate  and  of  small  capacity  for  diameter.     Useful 
effect  of  those  I  have  tested  ba^  varied  f^om  46  to  85  per  ceqt. 

BL'Zzbll,  St.  Johnsbury,  Vt.  Seroll.  Downward  discharge.  So  arranged 
that  proportionally  it  gives  good  part  gate  results.  Highest  percentage,  56  per 
cent. 

B4ST10N,  Canton,  19.  T.  Similar  to  the  Curtis,  but  I  think  not  manufactured 
now.  Tested  one  with  wicket  gate  in  driiA  tube  below  the  wheel,  which  proved 
the  plan  to  be  bad.    With  register  gate,  liighest  useful  effect,  70  per  cent. 

Bkb,  Lancaster,  Mass.  Downward  discharge.  Babbitted  in  the  upper  bear, 
ing,  and  became  bound  while  being  tested,  so  that  58  per  cent.,  the  highest 
result  obtain'  d,  was  no  indication  of  what  the  wheel  would  have  done  if  it  had 
been  in  a  proper  condition. 

Brtant  Bao*s.,  Westchesterfield,  Mass.  Downward  discharge.  Glave  65  per 
cent. 

Bbtson  Turrbtt,  Miles  Greenwood,  Cincinnati*  Ohio.  Down  and  central. 
75  por  cent.    Not  manufactured  now. 

BLAKB,Pepperell,  Mass.    Scroll.    Obsolete.    50  per  cent. 

"■Barbbr,  Ballston  Spa,  N.  Y.    70.90  per  qent. 

*Black8T0nb,  in  Elmer,  Leff'cl  and  American  curbs.    See  special  reports. 

BoDiNB  JoNVAi.,  Mount  Morris,  N.  Y.    If  made  at  all.    76  per  cent. 

*BoiiLiNeBB,  York,  Pa.    Central  discharge.    70  per  cent. 

*Cox,  Ellsworth,  N.  Y.    Double,  downward  discharge.    70  per  cent. 

*Casb,  National  Water  Wheel  Co.,  Briilol,  Conn.    See  special  report. 

'('Chase,  Orange,  Mass.    See  report. 

CusHMAN,  Hartford,  Conn.    Scroll.    50  per  cent.    Discharge  up  and  down. 

*Coi.BMAN,  Turner's  Falls. 

*CUBTU,  Ogdensburg,  N.  Y. 
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Cook,  Lake  Village,  N.  H.    Has  had  seTeral  kinds  tested,  but  boilds  upon  a 

different  plan  now.    Highest  useful  effect  of  those  tried,  .7762  per  cent. 

Chapman,  Clark  &  Chapman,  Turner's  Falls,  Mass,  Highest  effi<aenc7,62  p«r 
cent. 

^Eclipse,  Stilwell  &  Bierce  Manf 'g  Co.,  Dayton,  Ohio. 

Gbow,  Dubuque,  Iowa.    69  per  cent. 

Gillespie,  Turner's  Falls,  Mass.  Two  wheels  upon  horizontal  shaft.  Four* 
neyron  wheels.    54  per  cent. 

Gbeen,  Juda,  Wis.    50  per  cent. 

GeyiiINB,  Philadelphia,  Fa.  Jonyal  wheels.  Telescopic  gate  below  wheels. 
56  per  ceut. 

HoLMAN,  Adams,  N.  T.    47  per  cent. 

HuMMiNO  Bird,  Willis  Bead,  Danbury,  Conn.  Two.  One  central,  one  down- 
ward discharge.    62  per  cent. 

^Houston,  Beloit,  Wis.  Has  had  many  wheels  tested.  Useful  effect,  ranging 
from  .774  to  .9006  per  cent.    Gate  works  very  hard,  and  is  poor  at  part  gate. 

^Hbbcuijes,  Holyoke,  Mass.    See  special  report. 

^HoLTOKE  Machine  Co.,  Holyoke,  Mass.    See  special  report. 

*HuMT,  Orange,  Mass.    See  special  report. 

*HnHPHBET,  Humphrey  Machine  Co.,  Keene,  N.  H. 

K1NDLBBER6BB,  Cincinnati,  Ohio.    .6246  per  cent. 

Knowxton,  Saccarappa,  Maine.    59  per  cent.    Abandoned. 

Lbayitt,  Lebanon,  N.  H.    .637  per  cent. 

LuTHBB,  Iowa.    Scroll.    70  per  cent. 

^Leftbl,  Springfield,  Ohio.  Haye  tested  many  of  them.  Useful  effect  varied 
from  40  to  79  per  cent. 

^LucAs,  Hastings,  Minn.    See  special  report. 

*LiBBT,  Medford,  Mass.    See  special  report. 

Lesmeb,  Fultonyille,  N.  Y.  Central  discharge.  Central  discharge  wheels  are 
behind  the  a«;e. 

^MuixiKiN,  Lansing,  Iowa.  See  special  report.  The  wheel  is  yery  poorly 
made. 

*Mo8SBB,  Allentown,  Fenn.    See  special  report. 

MAiiLBBY,  Dryden,  N.  Y.    .769  per  cent. 

^National,  Josiah  Buzzby,  Crosswicks,  N.  J.  .676  per  cent.  Complicated 
gates. 

^National,  Bristol,  Conn.    See  specisd  report  of  the  Case  wheel. 

*Pebbt,  Bridgton,  Maine.    Sec  special  report. 

Flatt,  New  Brighton,  Fa.  Two  wheels  upon  a  horizontal  shaft.  .585  per 
cent. 

Banet,  New  Castle,  Fenn.  Became  bound  in  its  staffing  box  while  being 
tested,  so  that  the  test  was  no  indication  of  what  it  would  have  done  if  it  had 
been  well  constructed.    Useful  effec,  per  test,  .667  per  cent. 

*Bi8DON,  Mt.  Holly,  New  Jersey.    See  special  report. 

Bktnolds,  Oswego,  N.  Y.    Scroll.    50  per  cent. 

Reaseb,  Milwaukee,  Wis.  Flutter  wheel  placed  on  end  between  plates; 
would  not  run  its  own  weight  to  speed. 

Shebwood,  Independence,  Iowa.  A  Fourneyron,  63  per  cent.,  and  a  down* 
ward  discharge.    .761  per  cent. 

*SwAiN,  North  Chelmsford,  Mass.    See  special  report. 

*Smith,  York,  Pa.    See  special  report. 
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Stbyihsok,  New  York  City.  Two  Jonyal  wheels  placed  together,  one  dis- 
charging  downward  the  other  upwards,  the  upper  discharge  passing  into  a  dome 
•4  or  yacuum,"  then  downward  in  an  annular  tube,  as  shown  in  the  Fulton  & 
Myers'  plan,  which  is  illustrated  in  the  group  of  perpetual  motion  inyeniions. 

*SiCALi.,  Urbana,  Ohio.    See  report. 

Ststbom,  Fitchburg,  Mass.  Central  and  downward  discharge,  register  gates, 
not  manufactured  now.    .793  per  cent. 

♦Stowe,  Newark,  New  Jersey, 

Staples,  Boston,  Mass.  Central  discharge,  three  divisions,  with  a  cylinder 
gate  raised  by  a  screw  similar  to  that  of  the  Hercules ;  the  object  of  the  three 
divisions  of  the  wheel  was  to  gain  high  part  gate  results,  as  it  was  supposed  that 
either  division  would  give  as  high  results  as  the  whole  combined.  Highest 
results  obtained,  77  per  cent. 

Tbvllinobr,  Oswego,  Oregon.  Discharge  down  and  up  into  a  vacuum  like 
Stevenson's.    70  per  cent. 

Ttljeb,  Claremont,  N.  H.  Old  scroll,  useful  effect  ranged  from  50  to  67  per 
cent. 

*TTiiBB.    New  scroll  and  flume  wheels.    See  special  reports. 

Teller,  Fort  Plain,  N.  Y.  Wheel  in  divisions  like  the  Staples  and  for  the 
same  purpose.    Useful  effect,  .645  per  cent. 

Tbrbt,  Terryvillc,  Ct.  Boyden  or  Foumeyron  with  two  register  gates,  one 
inside  of  chutes,  the  other  outside.  58  per  cent.    Abandoned. 

''Tdttle,  Waterville,  Maine.    58  per  cent. 

TiCE,  Cincinnati,  Ohio.  Be-invention  of  the  old  Schiele  wheel,  illustrations  of 
it  may  be  found  in  Wiesbach's  or  almost  any  other  work  treating  of  turbines 
twenty  years  since. 

^TeoitPSON,  Springfield,  Mo.,  and  Silver  Creek,  N.  Y. 

*TwiTCHELL,  Pulaski,  N.  Y.    See  under  the  head  of  Perpetual  Motion. 

Uphax,  Worcester,  Mass.  Central  discharge,  tried  in  scroll,  also  in  flume 
curb.    72  in  scroll.    68  per  cent,  in  flume  curb.    Abandoned. 

*Upham  &  LiBBT.    See  special  report. 

*yiCTOB,  Stilwell  &  Bierce  Manf  g  Co.,  Dayton,  Ohio. 

Yamdewateb,  Rochester,  N.  Y.  Downward  discharge,  cylinder  gate.  .778 
per  cent.    Wheel  struck  bad  in  curb  while  being  tested. 

Watson  Jonval,  Paterson,  N.  J.    Old.    49  per  cent. 

♦Walsh,  Waupaca,  Wis. 

♦Whitney,  Leominster,  Mass.  Old  plan  in  flume  and  scroll  curbs  abandoned. 
Percentage  of  scroll,  old  wheel,  40  per  cent.  Flume,  72.  For  new  plan,  see 
special  report. 

Waqner,  Chicago,  111.     Foolishly  complicated  in  discharge  and  limited 
capacity.    Highest  useful  effect,  .738  per  cent. 

Wheeler,  Berlin,  Mass.  Central  and  downward  discharge;  but  did  best 
every  way  with  central  discharge  stopped  with  blocks.  Discharged  the  same 
quantity  of  water  after  blockiuj;  central  discharge.  .745  per  cent.  Not  manu- 
factured now. 

♦Wynkoop.    See  special  report. 

♦Wbtmobb,  Claremout,  N.  H.    See  special  report. 

♦WOLP,  Allentown,  Pa.  In  taking  one  of  the  make  apart,  a  few  days  since, 
many  small  pieces  were  found  that  were  used  for  blocking  up  gate  suspension. 
Such  pieces  are  very  liable  to  get  lost  and  might,  with  little  trouble,  be  rendered 
unnecessary, by  casting  projecting  pieces  on  the  surfaces.  "Patchwork"  is 
objectionable  in  turbine  building.    See  special  report  for  efficiency. 
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Emerson's  New  Sjstem  of  Car  Heatingr* 

My  attention  was  called  to  the  subject  of  car  heating  early  in 
1854.  On  fast  day  of  that  year  I  wrote  to  the  editor  of  the  Scientific 
American,  suggesting  a  plan  of  placing  a  small  boiler  in  each  car, 
connecting  it  with  the  locomotive  boiler  and  a  system  of  piping  for 
wanting  the  cars  and  operating  the  brakes.  A  written  reply  was 
returned  in  which  it  was  stated  that  George  Stephenson  tried  to 
warm  trains  from  his  locomotive  but  failed.  Numerous  inventions 
then  in  hand  prevented  me  from  proceeding  in  that  at  that  time. 
Still  the  subject  was  kept  in  mind,  and  the  almost  yearly  announce- 
ments of  futile  attempts  to  heat  cars  from  the  engine  were  care- 
fully considered,  resulting  in  the  belief  that  the  locomotive  boiler 
could  not  fumisn  steam  for  the  purpose. 

A  boiler  in  the  baggage  car  was  suggested.  In  1881  Mr.  Mulli- 
gan, superintendent  of  the  Connecticut  River  road,  offered  me  a 
train  to  experiment  with.  A  small  boiler  was  placed  in  the 
bagpage  car,  the  steam  from  which  warmed  three  cars.  The  ca^ 
pacity  of  the  boiler  proved  the  practicability  of  taking  the 
necessary  quantity  of  steam  from  the  locomotive  boiler,  and  a 
change  to  that  was  immediately  made. 

Mr.  George  A.  Houston  was  sent  by  the  managers  of  the 
Atchison,  Topeka  &  Santa  Fe  B.  R.  Co.,  to  examine  and  report 
upon  the  merits  of  the  various  systems.  The  substance  of  his 
report  is  here  given : 

Beloit,  Wis.,  March  30, 1887. 
Mb.  W.  B.  Stbong,  Pres.  A.,  T.  &  S.  F.  R.  R.  Co.,  Boston,  Mass. 

Dear  iSir  .'—Referring  to  the  matter  of  wanning  oars,  I  have  examined 
several  systems  now  in  use  and  being  introduced  for  warming  by  steam, 
viz. :  The  Martin,  the  Sew  all,  the  Emerson,  and  the  Gold.  iJie  C.  R. 
R.  R.  Go.  placed  a  train  at  my  disposal  to  test  the  quantity  of  steam  used  for 
heating,  this  test  made  with  four  cars  and  during  twelve  hours.  From 
this  result,  I  am  satisfied  that  cars  can  be  warmed  during  a  northern 
winter  with  an  average  of  not  to  exceed  three-fourths  horse-power  of  steam 
per  car.  This  test  was  made  with.the  Emerson  system,  and  I  recommend 
the  Emerson  system  as  the  best. 

Mr.  Houston^s  report  was  accepted,  and  train  fitted  up. 

Atchison,  Topeka  <0  Santa  Fe  tUiilrooAl  Company. 

Topeka^  Aug.  7, 188S. 
James  Emerson^  Esq. 

Dear  Sir:—  Your  letter  to  Mr  HUton  was  handed  me  by  him  yesterday. 
In  re^y  to  same  I  vrill  say  that  I  continued  to  use  the  cars  youftt^l  up 
untu  late  i7i  the  spring.  They  gave  entire  satisfaction^  dM  not  nave  any 
trouble  uHth  them,,  whatever.  I  think  ail  cars  fitted  up  should  have  coifs 
put  under  the  seats,  as  they  can  be  heated  so  m,uch  quicker  and  kepi  more 
comfortable.  I  am,  yours  very  respectfully, 

Samuel  Black, 
Conductor  A.,T.d  S.  F.  R.  R. 
There  are  hardly  any  of  the  devices  for  car  heating  known  that  have 
not  beeu  tried  upon  the  C.  R.  road,  yet  now  in  the  eleventh  year  my 
d-evices  are  preferred  to  those  of  any  and  all  others,  and  the  expe- 
rienced ubiquitous  drummer  in  cold  weather  often  expresses*  sat^ 
isfaction  to  get  into  the  pleasantly  heated  and  ventilated  cars  of 
that  road. 

I  think  that  I  may  justly  claim  to  be  the  first  to  produce  a  success- 
ful system  for  heating  cars  from  the  locomotive,  and  the  only  one 
that  has  produced  a  complete  system  for  ordinary  use  and  emer- 
^ncies.  My  plans  are  now  turned  over  to  the  United  Bailways 
Company.  James  Em£bson. 
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€AB  HEATING  BY  STEAM  FBOM  THE  LOGO- 

MOTITE.    I 

Undoubtedly  the  method  of  the  future^  because  the  simplest, 
safest,  cheapest,  most  comfortable,  and  cofivenient ;  but  to  obtam 
the  advantages  named  above,  common  sens6  must  be  used  in  fitting 
up  the  cars  for  the  heating.  ^ 

In  no  way  can  a  car  or  room  be  so  pleasantly  heated  as  by  having 
a  steam  chamber  beneath  and  the  floor  perforated  with  minute  open- 
ings throughout  its  entire  surface,  but  as  that  is  not  conveniently 
practicable  the  next  best  plan  is  to  distribute  the  heat  in  smaU 
pipes  over  as  much  of  the  floor  space  as  is  practicable,  and  a  liberal 
supply  of  th6  pipe  should  be  placed  at  the  ends  of  the  car  near  the 
doors. 

All  who  have  traveled  in  cars  where  the  Martin  system  is  in  use 
know  how  the  feet  and  legs  suffer  through  the  intense  heat  from 
those  large  pipes ;  if  there  Is  any  possible  danger  of  scalding  passen- 
gers by  steam  escaping  from  broken  pipes  it  rests  entirely  in  the 
use  of  large  pipes,  for  with  pipe  sufficient  for  the  purpose  the  steam 
cannot  escape  fast  enough  to  create  heat. 

Steam  has  no  heat  unless  compressed,  and  a  car  has  too  many 
openings  to  allow  of  compression  unless  through  the  use  of  vipea 
that  no  competent  master  mechanic  would  allow  to  be  used  after  a 
moment's  consideration. 

For  thirty  years,  Experience  has  proved  one  and  one-fourth  inch 
pipe  best  for  car  heating  by  hot  water,  and  the  caliber  of  that  pipe 
is  reduced  by  the  use  of  ''  double  thick  "  to  about  the  same  as  that 
of  the  ordinary  inch  pipe,  consequently  the  two-inch  pipe  carrying 
four  times  the  steam  contained  in  the  one-inch,  the  danger  from 
scalding  is  increased  four  to  one,  while  its  heating  capacity  is  but 
two  to  one. 

The  average  maximum  heat  that  can  be  produced  by  the  hot  water 
system  throughout  a  car  is  168^,  while  the  average  from  steam 
is  at  least  one-third  greater,  consequently,  as  the  inch  pipe  is  four- 
fifths  the  heating  capacity  of  the  inch  and  a  fourth,  the  inch  pipe 
with  steam  must  exceed  the  one  and  one-fourth  inch  pipe  for  heat- 
ing with  hot  water,  leaving  no  excuse  whatever  for  increacing  the 
danger  through  the  imnecessaiy  use  of  two-inch  pipe ;  besides  the 
space  for  piping  a  car  is  limited,  so  the  smaller  the-  pipe  the  better 
for  the  space. 

The  various  supply  pipes  in  use  are  at  the  best  but  make-shifts 
and  used  at  serious  loss  of  steam.  The  proper  place  for  such  pipe 
seems  to  be  through  the  buffers,  then  in  direct  line  between  the 
floor  timbers  of  the  car  as  shown,  free  from  all  abrupt  turns,  also 
out  of  the  way  of  repairs  below,  yet  leaving  it  in  the  most  accessi- 
ble condition  for  repair  that  is  possible. 

The  piping  of  cars  piped  and  coupled  as  in  this  system  cannot 
freeze  up  as  is  so  common  with  the  other  systems  of  piping,  for 
there  are  no  depressions  for  the  condensation  to  lodge  in. 
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TO  ftllLBOlD  KANAOmS. 

QeidUmen,  why  not  Mwe  and  utilize  your  Hot  Water  HeaterB  t 

The  system  of  piping  found  best  for  such  alter  thirty  years'  expe- 
rience is  far  better  a<Ukpted  for  rapid  and  economical  car  heatine 
than  the  system  of  piping  employed  by  Sewall,  Martin,  or  Gold,  and 
at  small  expense  may  easily  be  so  arranged  that  steam  from  the 
locomotive  may  be  substituted  for  the  hot  water  circulation  or  the 
hot  water  circmation  restored  at  will. 

The  change  either  way  is  easily  made,  without  attracting  atten- 
tion, while  the  train  is  running. 

No  trap  of  any  kind  is  nee£d,  for  the  temperature  is  controlled 
inside  of  car  at  any  time  when  in  use. 

When  heating  from  locomotiye  the  fiie  is  drawn  from  heater  and 
water  from  the  pipes. 

Half  an  hour  before  stopping  car  for  night  or  long  detachment 
from  locomotiye,  open  all  valyes  and  blow  all  MndeBsatlon  from 
pipes  by  hot  steam  from  looomotiTC* 

Leave  all  valves  open  until  steam  again  enters  pipes  for  heating. 

A  few  minutes  before  arriving  at  a  place  where  a  car  is  to  be  set 
off  and  kept  warm,  fill  pipes  with  water  from  the  tender,  start  the 
fire  in  heater,  and  the  hot  water  circulation  is  at  once  restored. 

This  was  done  at  first  by  taking  hot  water  from  the  lower  part 
of  boiler  along  through  the  steam  supply  pipe  A,  but  tiiat  water 
was  so  expanded  by  its  intense  heat  tiiat  It  required  an  auxiliary 
tank  above  the  heater  to  supply  the  shrinkage  invariably  following 
the  filling  in  that  wav. 

Then  an  injector  placed  in  a  pipe  ts^en  from  the  tender  as  shown 
at  B  was  trieid  and  proved  perfect,  as  the  steam  forcing  the  water 
heated  it  to  a  desirable  temperature  for  instant  use,  so  that  a  Pull- 
man or  excursion  car  may  use  steam  or  Uie  hot  water  system  at 
will.  As  the  plan  has  been  in  use  two  years  it  is  past  the  exper- 
imental stage. 

All  who  ride  much  in  cars  fitted  with  hot  water  heaters  know  how 
uncomfortable  such  cars  are  in  the  spring  and  fall.  This  is  entirely 
remedied  by  chan^ng  them  so  as  to  use  steam,  so  that  any  sudden 
change  of  temperature  may  be  met  at  once  whether  of  heat  or  cold, 
which  Is  impossible  with  any  of  the  other  plans. 

An  auxiliary  heater  is  necessary  on  all  roads. 

A  car  from  a  Connecticut  River  Railroad  tndn  is  daily  taken  from 
Windsor,  Vt.,  to  White  River  Junction  by  a  Central  Vt.  train.  That 
car  stands  at  the  Junction  over  night  without  heat,  then  in  the 
morning  it  is  hitched  to  a  freight  trsun  to  take  early  passengers  over 
the  road  fourteen  miles,  before  steam  for  heat  can  be  obtained. 
Sometimes  an  attempt  is  made  to  start  a  fire  in  a  stove,  for  the 
writer  early  in  the  winter,  during  a  snow  storm,  saw  the  conductor 
after  collecting  tickets  strike  a  match  and  stick  it  into  the  stove ; 
but  the  match  soon  went  out,  and  he  did  the  same,  leaving  us  to 
enjoy  the  winter  weather  in  full. 

Properly  fitted  cars  may  be  set  off  with  sleeping  passengers  to 
wait  for  morning  or  to  be  hitched  to  freight  or  branch  trains,  or  as 
stop  over  excursion  trains,  without  requiring  stationary  steam  heat- 
ing facilities  or  any  special  arrangements  whatever. 
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SAFETY  AUXIUiBT  CAB  HEATER. 

An  illufltratlon  of  this  heater  may  be  seen  npon  the  opposite  page, 
made  with  doable  shells  of  quarter  inch  steel  plates  of  such  height  as 
to  do  away  with  the  necessity  for  separate  expansion  tank  and  numer- 
00s  connecting  joints  which,  accidentally  ruptured  by  derailment, 
oollisioQ,  or  other  causes,  allow  the  burning  coals  to  be  thrown  around 
the  car. 

In  this  heater  there  is  no  coil  to  be  burst  by  freezing  or  burned  out, 
as  is  so  commonly  the  case  with  the  Baker  heaters. 

As  the  hot  water  circulation  is  only  designed  to  be  used  in  emer- 
gencies, such  as  the  absence  or  disability  of  the  locomotiye,  stop-over 
sleeping,  or  excursion  cars  set  off  to  be  hitched  to  freight  or  branch 
road  trains,  the  heater  is  so  arranged  that  the  fire  may  be  instantly 
dumped  and  the  burning  coals  removed  from  the  car  as  the  steam  from 
the  locomotive  drives  the  water  from  the  heater  and  circulating  pipes. 

Where  cars  are  already  fitted  for  hot  water  heating,  the  heaters 
may  be  retained,  but  they  are  not  so  convenient,  effective,  safe,  or 
economical  as  the  one  illustrated. 

Cars  properly  piped  with  this  system  should  never  have  the  ventila- 
tors closed,  and  with  veryhttle  care  the  temperature  in  the  car  need 
never  vary  over  two  degrees.  There  should  be  a  thermometer  at  or 
near  each  end  of  the  car. 

The  usual  drip  is  under  the  middle  of  the  car,  but  that  may  be  closed 
when  nearing  a  station,  another  opened  above  the  heater,  and  the  train 
mav  stand  in  the  station  an  hoar  without  wetting  the  floor. 

The  same  process  may  be  followed  where  a  car  is  to  be  set  off  and 
kept  warm  by  hot  water  circulation,  thus  saving  the  condensation  for 
refilling  the  heater. 

Any  car  fit  to  be  used  can  be  kept  properly  warmed  and  well 
ventilated  by  the  use  of  three-fourths  of  a  h.  p.  of  steam  in  sharp  winter 
weather  by  the  use  of  this  system. 


A  STBAN6E  SYSTEM  FOB  CAB  HEATING. 

Of  all  the  many  wild  plans  for  car  heating  developed  by  the  demand 
for  a  safe  substitute  for  the  deadly  stove,  no  other  plan  can  be  named 
so  dangerous,  extravagant,  inconvenient,  and  uncomfortable  as  the 
continuation  of  the  hot  water  circulation,  if  the  water  is  to  be  heated 
by  steam  from  the  locomotive. 

In  no  way  can  steam  be  so  rapidly  condensed  as  by  diacharg^ng  into 
water.  Then  night  and  day,  while  at  rest,  the  heat  must  be  kept  op  by 
stationary  boilers  so  that  at  least  five  times  the  steam  necessary  to  neat 
direct  is  required  to  heat  by  such  hot  water  circulation,  which  is  the 
worst  of  all  systems  for  meeting  sudden  changes  of  temperature,  liable 
at  all  times  in  extreme  cold  weather  to  freeze  up  or  be  unable  to  keep 
the  oars  warm. 

Then  if  a  pipe  bursts  the  whole  boiler  pressure  is  behind  the  barrel  of 
boiling  water  ready,  in  the  old  war  style  of  repelling  boarders,  for  boil- 
ing the  passengers.  The  danger  is  so  obvious  that  a  jury  would  hardly 
excuse  a  manager  on  the  plea  that  "  he  didn't  think  it  was  loaded." 
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KwcnoH's  DrawlMur  Scale. 


COKPOUND  STEAM  ENGINES. 

That  there  have  been  great  improrements  made  in  obtaining  power  from 
steam  during  the  past  third  of  a  century  there  can  be  no  question,  but  there 
fairly  may  be  as  to  whether  such  improvements  are  in  any  way  due  to  the 
use  of  compound  engines. 

For  many  years  there  was  quite  as  strone  belief  in  double  turbines,  but 
positive  tests  proved  the  fallacy  of  such  beliefs ;  and  the  tests  that  I  have 
Deen  able  to  make  of  compound  engines  have  not  shown  gain  for  that  method 
of  construction.  Twenty  years  since  the  test  of  a  compound  proved  it  to  be 
giving  far  less  than  expected,  and  the  test  of  a  Westinghonse  compound  a 
few  months  since  proved  it  to  be  less  economical  than  a  simple  Buckeye  and 
much  less  satisfactory  in  its  daily  operation. 

The  marine  engine,  with  its  short  cylinders,  producing  rapid  rotary  motion, 
may  in  that  way  obtain  advantage,  but  it  may  fairly  be  questioned  whether 
its  increased  economy  is  not  owing  more  to  the  use  of  high  pressure  steam 
than  to  triple  expansion. 

Recently  numerous  papers  have  published  articles  relative  to  the  won- 
derful efficiency  of  the  Pelton  water  wheel  and  that  some  great  English  engi- 
neer had  selected  that  wheel  in  preference  to  that  of  any  other  to  be  used  at 
Niagara  Falls  in  the  new  plans  now  under  way  there, — which  may  all  be  true, 
but  as  that  wheel  is  simply  the  old  Flutter  wheel  slightly  modified  in  form, 
its  efficiency  can  hardly  exceed  70  per  cent,  in  useful  effect,  yet  under  a  head 
of  several  hundred  feet  it  may  produce  an  astonishing  amount  of  power  to 
those  not  acquainted  with  such  matters.    So  of  steam  engines  working  under 

a  pressure  of  160  pounds  instead  of  the  40 
pounds  of  thirty  years  since.  The  locomotive 
is  generally  considered  an  extravagant  type 
of  engine,  but  that  idea  is  founded  upon  we 
lack  of  knowledge  of  the  enormous  amount 
of  work  the  locomotive  performs.  The  White 
Mountain  train,  running  during  the  summer 
on  the  C.  B.  B.  B.,  made  up  of  seven  cars  all 
told,  going  north  requires  370  h.  p.  An 
ordinary  passenger  coach  upon  that  r(Mul,  on 
straight  and  level  track  making  local 
schedule  time,  requires  60  h.  p. 

There  are  many  reports  of  engines  that 
produce  a  h.  p.  per  hour  for  each  2, 2^,  or  3 
pounds  of  ooal  burned,  but  the  best  result  1 
nave  ever  found  was  4.28  pounds  per  h.  p. 

The  Indicator  Is  of  no  valae  whatever  In 
determining  the  power  developed  by  an 
engine,  in  proof  of  which  the  tests  on  the 
following  page  are  given  as  but  a  few  of 
many  I  have.  nuMle. 

One  pound  on  the  dial  of  the  drawbar 
scale  indicates  one  hundred  on  the  link  of 
the  drawbar.  This  scale  is  placed  in  the 
buffer  of  the  tender  as  shown,  and  can  be 
shifted  easily  to  any  other  tender  using  the 
same  kind  of  buffer :  its  cost  is  small  and  its 
use  might  prevent  many  useless  changes,  save  in  the  selection  of  oils  and 
m  many  other  ways. 

SUGGESTIONS. 

Twenty  feet  head  room  for  bridges  to  avoid  grade  erosslngs  means  steep 
grades  and  much  digging  and  fllllng.  Why  not  Instead,  spread  tracks  three 
feet  and  have  eighteen  Ineh  walk  with  rail  on  side  of  freight  carat 

Prevention  Is  better  than  core.  The  practice  of  building  cars  with 
windows  and  door  ontlets  that  cannot  readily  be  opened  for  egress  will 
some  day  result  In  terrible  loss  of  Ufo;  It  Is  the  nnexpoeted  thil 
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Hartford  Engineering  Co.,  Buckeye  Twin  Engine;  Cylinders, 

14  inches  Diameter,  28-inch  Stroke.     Simultaneous 

Trial  by  Indicator  Cards  and  Power  Scale. 

William  A.  Chase, 

Agent  Holyoke  Water  Power  Co.* 

Dear  Sir: — On  Thursday  last  the  trial  for  power,  etc.,  at  the  New 
York  Woolen  Mills,  Connor  Brothers,  was  conducted  as  follows : — 

Ten  "  sets"  were  run  through  the  day  of  eleven  hours.  The  coal  was 
taken  from  the  surface  of  pile  and  weighed  as  used;  though  not 
screened,  it  was  much  cleaner  than  the  average  of  the  pile. 

The  weight  on  Power  Scale  was  taken  every  fifteen  minutes.  The 
boiler  pressure  was  kept  at  70  pounds.'  The  driving  pulley  on  engine, 
9  feet  diameter,  with  30-inch  double  belt,  drove  5-feet  pulley  upon  maiti 
line.  Throwing  on  and  off  machinery  caused  variation  of  four  revolu- 
tions of  pulley  on  engine,  or  from  120  down  to  116  per  minute. 

Mr.  Hayes  took  cards  at  various  times,  seemingly  with  care  and  skill. 
The  results  obtained  by  the  Power  Scale,  a  No.  5,  were  as  follows  :— 


Divisions  of  46  timings  gave 
Revolutions,  196  per  min.  cen.  force 

Average  net  weight  for  1 1  hours. 
Coal  burned  in  11  hours, 
Average  power  in  1 1  hours. 


1,248  lbs. 

1,163  lbs. 
4,955  lbs. 
82.9  H.  P. 


4955H-11  =450.4-1-82.9  =  5.43  lbs.  coal  per  horse-power  per  hour. 

An  attempt  was  made  Friday  morning  to  do  the  work  with  one 
cylinder,  resulting  in  a  complete  failure.  Sixty-five  horse-power,  with 
70-pounds  boiler  pressure,  would  be  all  one  cylinder  could  stand  steady 
under.     Indicated  force,  101.5  horse  power. 

Respectfully  yours,  JAMES  EMERSON. 

Willimansett,  Mass.,  Sept.  14,  1884. 

E.  Blaks,  Needle  Works,  Chicopee  Falls,  Mass. 

Rated  by  indicator  to  nse<6>22  horse  power. 

Maximum  possible  with  every  machine  in  the  works  rnnmng,  shown 
by  power  scale  to  be  2,74  horse  power,  but  with  the  machinery  ordinari- 
ly in  nse,  1.24  horse  power. 

Oct.  21,  1884. 

Amos  W.  Page,  Needle  Works,  Chicopee  Falls,  Mass. 

Rated  by  indicator  to  use  7.38  horse  power. 

Maximum  with  all  machinery  in  works  running,  shown  by  scale  to  be 
3.35  horse  power,  but  with  the  machinery  generally  in  use  2.49  horse 
power.  JAMES  EMERSON. 

Oct.  27,  1884. 
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HOLYOKE 
Hydrodynamic  Experiments. 


To  make  the  matter  generally  understood,  the  following  notice 
is  here  republished : 

HOLYOKE  WATER  POWER  OOMPAHT, 

Holyoke,  Mass.,  April  10,  1879. 

NOTICE  TO  TURBINE  BUILDERS  AND  MANUFACTURERS, 

The  practice  of  testing  turbines,  so  commou  the  past  ten  years,  has  undoubt- 
edly done  much  towards  brinpng  the  best  into  use;  but  there  has  becu  one 
serious  defect  iu  the  system ;  that  is,  the  practice  has  generally  been  confined  to 
the  trial  of  small  wheels,  owing  to  the  great  expense  that  would  be  caused  by  the 
tests  of  large  sizes.  As  it  is  a  matter  of  vast  importance  that  the  best  turbine 
plans  should  be  established  beyond  chance  for  doubt,  this  Company  has  provided 
means  for  a  thorough  competitive  test  of  the  various  kinds  of  turbines  that  may 
be  offered  for  trial,  and  invite  Water  Power  Companies,  cities  that  pump  their 
water  supply,  and  all  others  interested  in  the  matter,  to  take  part  therein. 
Each  builder  shall  superintend  the  setting  of  his  wheel— the  setting  and  testing 
to  be  done  at  the  expense  of  the  Water  Power  Company.  *Capacity  of  each 
wheel  to  be  sufficient  to  discharge  about  5000  cubic  feet  of  water  per  minute, 
under  18  feet  head.  Each  wiicel  will  be  thoroughly  tested  from  half  to  whole 
gate,  and,  if  deemed  best,  under  at  least  two  different  heads;  also  under  several 
feet  of  back  water.  At  the  conclu.siou  of  the  trial,  a  full  report  will  be  made  of 
the  results  obtained  and  of  the  workmanship,  and  probable  durability  of  each 
kind  of  wheel  tried.  Turbine  builders  of  this  or  any  other  country  are  invited 
to  furnish  wheels,  and  those  proposing  to  do  so  should  give  notice  of  such 
intention  as  soon  as  possible. 

Tests  to  commence  the  first  day  of  September  next. 

HoLYOKE,  Mass.,  June  2, 1879. 

^Builders  who  have  not  got  patterns  for  wheels  of  so  large  capacity  may 
enter  their  largest  size,  but  it  is  better  that  all  should  discharge  about  the  same 
quantity. 
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The  parties  here  named  have  either  entered  wheels  for  the  trial  or  haye  nuMle 
application  for  information  as  to  conditions  to  be  observed,  &c. 


Swain  Turbine  Co.,  Lowell,  Mass. 
Houston  Turbine, 

Fales  &  Jcnks,Fawtucket,  £.  I. 
Wolf,  AUentown,  Pa. 
Victor,  StilweU  &  Bierce  M'fg  Co., 

Dayton,  Ohio. 
Hercules,  Holyoke  Machine  Co., 

Holyoke,  Mass. 
Henry  Vande water  &  Co., 

Auburn,  N.  Y. 
Willis  Reed,  Danbury,  Ct. 
E.  Dodge,  Spencer,  N.  Y. 
Edward  Wemple,  Fultonville,  N.  Y. 
Joseph  Hough,  Mechanics  Valley,  Pa. 


Humphrey  Machine  Co.,  Keene,  N.  H. 
S.  Sleeper,  Mt.  Morris,  N.  Y. 
Knowlton  &  Dolan,  Logansport,  Ind. 
National,  Bristol,  Conn. 
Little  Giant,  Auburn,  N.  Y. 
T.  H.  Bisdon,  Mt.  HoUy,  N.  J. 
Bodncy  Hunt  Machine  Co., 

Orange,  Mass. 
W.  D.  King  &  Co,  Pontiac,  Mich. 
N.  F.  Bnrnham,  York,  Pa. 
Wm.  F.  Perry,  Bridgeton,  Maine. 
Goldie,  McCuUoch  &  Co.. 

Oalt,  Canada. 
Gates  Curtis,  Ogdensburg,  N.  Y. 


As  is  often  the  case  in  such  trials,  few  of  those  desirous  of  taking 
advantage  of  the  Company's  offer  were  ready  at  the  time  named,  and, 
as  the  notice  did  not  state  any  time  for  closing,  builders  have  been 
tardy  in  sending  their  wheels.  The  ordinary  work  of  the  testing 
flume  has  been  continued  during  the  time,  so  that  the  wheels  re- 
ported are  only  about  one-half  the  number  tested;  and  any  one 
acquainted  with  the  matter  will  see  that  there  has  been  no  unneces- 
sary delay  in  making  the  report. 

The  experiments  were  announced  as  competitive,  meaning,  in 
general  utility,  economy  in  the  use  of  water,  convenience,  cost  and 
durability. 

Large  turbines  were  called  for,  that  their  discharge  might  be 
greater  than  could  be  measured  in  the  testing  flume  of  any  turbine 
builder,  but  this  was  not  insisted  upon,  as,  to  have  done  so,  would 
have  limited  the  competition  to  a  few  old  builders  with  full  sets  of 
patterns,  whose  wheels  have  often  been  tested  and  reported.  Ex- 
perience has  not  yet  produced  any  fact  that  even  hints  that  any 
particular  size  of  turbine,  small  or  large,  can  be  made  to  produce 
higher  results  than  any  other  size  of  the  same  make.  Consequently, 
builuers  were  allowed  to  send  wheels  the  most  convenient  in  size 
for  themselves,  and  it  is  not  known  that  any  one  of  experience 
furnished  a  wheel  with  the  expectation  that  it  would  give  the  highest 
possible  results,  but  tliat  its  general  merits  should  commend  it  to 
the  public,  and  that  the  value  of  any  peculiarity  in  its  construction 
should  be  determined. 

Competitive  turbine  tests,  in  the  common  meaning  of  the  term, 
have  been  useful  in  the  past,  as  they  have  enabled  those  interested 
in  such  matters  to  decide  upon  the  most  desirable  plans.  At  the 
present  time,  however,  such  tests  can  have  no  public  value,  because 
each  turbine  tested  only  represents  itself  in  efficiency.    Another  of 


288 

the  same  size  and  make  might  and  probahly  would  give  quite  di^ 
ferent  results,  so  that  should  each  competitor  hare  a  second,  third 
or  a  tenth  wheel  tried,  his  standing  would  be  likely  to  change  with 
each  wheel  tested.  The  Fourneyron,  Boyden,  Birkinbine  and 
Centennial  tests  all  prove  this  fact,  as  they  also  prove  that  the 
builders  who  have  furnished  the  turbines  that  have  given  the  highest 
efficiency  reported,  have  only  had  a  brief  popularity,  as  manufact- 
urers have  found  other  turbines  more  desirable  for  business ;  and 
it  will  be  evident  from  the  results  obtained  in  these  experiments, 
that  builders  have  taken  this  fact  into  consideration  and  have  gen- 
erally tried  to  produce  turbines  economical  at  any  stage  of  gate 
opening,  rather  than  to  gain  the  highest  possible  efficiency  at  whole 
gate,  where,  in  practical  use,  it  is  rarely  used.  And  in  this  there 
has  been  a  decided  gain,  as  there  has  also  in  an  increased  capac- 
ity for  a  given  diameter  of  wheel,  noticeable  in  the  Rechard  as  well 
as  the  Hercules  and  New  American. 

In  considering  the  comparative  merits  of  the  wheels  here 
reported,  it  should  be  understood  that  previous  to  1876  turbines  of 
any  make  for  a  given  diameter  generally  gave  about  the  same 
power.  There  were  builders  who  believed  in  some  mysterious 
power  in  leverage,  who  constructed  wheels  with  extended  diameter 
and  proportionally  small  discharge,  but  these  were  exceptional ; 
the  rule  held  good,  and  it  will  be  necessary  to  take  this  fact  into 
consideration  to  realize  the  improvements  in  turbines  during  the 
past  four  or  five  years. 

Turbine  builders  were  requested  to  furnish  draft  tubes  of  different 
sizes  with  their  wheels,  that  the  efficiency  of  such  tubes  might  be 
determined ;  and  that  the  loss  in  transmission  through  belts  and 
gears  might  also  be  ascertained,  several  well  known  gear-making 
firms  were  requested  to  furnish  gears  for  trial. 

The  experiments  have  been  conducted  upon  the  supposition  that 
their  purpose  was  to  ascertain  the  real  utility  of  the  various  devices 
tested  under  the  every-day  ordinary  conditions  to  which  such  plans 
are  subjected  in  practical  use,  rather  than  possibilities  in  exceptional 
cases  under  the  most  favorable  circumstances  ;  and  features  of  known 
interest  developed  are  recorded  in  connection  with  their  development. 
It  was  expected  that  the  experiments  would  require  much  time,  and 
as  they  were  made  in  the  public  testing  flume,  it  was  necessary  that 
each  should  be  conducted  as  expeditiously  as  accuracy  would  per- 
mit; consequently,  James  Emerson,  from  his  intimate  familiarity 
with  such  matters  and  experience  in  handling  wheels,  was  employed 
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to  see  that  each  turbine  was  set  in  a  manner  satisfactory  to  its 
builder,  and  to  have  a  general  supervision  oyer  the  work. 

Samuel  Webber,  Civil  Engineer  of  Manchester,  N.  H.,  known 
in  connection  with  the  Centennial  tests,  was  selected  to  assist  in 
making  the  experiments,  and  reports  herewith. 

Theo.  6.  Ellis,  Civil  Engineer  of  Hartford,  Conn.,  well  known 
through  his  published  works  and  long  employment  by  the  govern- 
ment in  riter  and  harbor  improvements,  was  selected  by  the  turbine 
builders  to  see  that  the  experiments  were  skillfully  and  fairly  con- 
ducted, whose  report  is  appended. 

For  the  inforn^ation  of  the  uninitiated,  it  is  proper  to  state  that  a 
turbine,  under  a  given  head,  does  its  best  at  a  certain  speed.  To 
find  this  point  it  is  necessary,  in  testing,  to  begin  with  a  light  weight, 
run  a  minute  or  more,  then  add  weight  and  repeat  until  the  best 
point  is  found ;  and  the  test  that  fixes  that  point  is  the  speed  at  which 
the  wheel  should  be  geared  to  work,  and  the  efficiency  at  that  point 
is  the  efficiency  of  the  wheel.  The  average  efficiency  from  a  part 
to  whole  gate  means  when  the  wheel  is  running  at  that  speed  at 
any  stage  of  gate  opening,  and  the  efficiency  at  other  speeds  is 
to  be  considered  only  so  far  as  it  shows  the  loss  that  will  occur 
through  gearing  above  or  below  the  proper  point. 

The  tests  are  supposed  to  be  correct  and  complete  in  each  case 
as  given,  but  for  the  information  of  students  or  others  wishing  to 
work  out  the  data  for  themselves,  the  following  is  given  in  explana- 
tion of  the  statement  at  the  head  of  each  test :  multiply  revolutions 
by  10,  20,  &c.  It  must  be  understood  that  during  each  test  the 
scale  beam  is  attached  to  the  brake  at  a  point  which,  if  revolv- 
ing, would  describe  a  circle  of  10,  15  or  20  feet  in  circumference. 
Consequently,  the  revolutions  must  be  nmltiplied  by  the  number 
given,  as  for  example :  Of  the  first  New  American  wheel  tested — 
rev.  per  minute,  207.5;  weight,  676.  207.5X15=3112.5X676= 
2100937.6-^33000=63.66  h.  p. 

To  make  this  report  really  useful,  it  is  issued  in  size  convenient 
for  the  pocket. 

WM.  A.  CHASE,  AoBjfT, 
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Engineers'  Reports. 


REPORT  OF  THEO.  G.  ELLIS. 

Hartford,  Conn.,  September  13,  1880. 

WILLIAM  A.  CHASE,  Esq., 

Agent  of  the  Holyoke   Water  Power  Co. 

Sir:  HaYing  been  requested  to  take  part  in  the  interesting 
experiments  upon  turbines  made  by  your  Company  in  October  and 
Norember,  1879,  at  the  Holyoke  testing  flume,  I  did  so  with  great 
reluctance  as,  owing  to  many  professional  engagements,  I  could  not 
giYe  so  much  time  to  the  subject  as  its  importance  seemed  to 
warrant,  and  could  not  possibly  be  at  Holyoke  at  all  times  during 
the  experiments.  I  finally,  however,  agreed  to  be  present  at  part, 
at  least,  of  the  tests  in  behalf  of  the  turbine  builders,  to  see  that 
the  experiments  were  fairly  conducted  as  far  as  lay  in  my  power, 
and  to  make  such  observations  as  I  thought  best. 

It  was  understood  that  the  mechanical  work  of  setting  the  wheels 
and  making  the  experiments  was  to  be  superintended  by  James 
Emerson,  whose  previous  experience  in  the  testing  of  turbines  at 
the  same  locality  eminently  fitted  him  for  the  task.  The  flume  and 
apparatus  used  was  mostly,  if  not  entirely,  designed  and  con- 
structed by  him,  and  he  was  familiar  with  all  its  details  and 
capabilities.  Whatever  may  have  been  his  previous  published 
views,  it  is  believed  that  in  the  present  tests  all  the  turbines 
presented  for  trial  have  received  the  same  careful  attention  and 
trial.  In  some  cases  the  record  does  not  appear  to  show  as  full 
and  complete  a  trial  as  in  others,  but  there  was  always  some  good 
reason,  irrespective  of  any  prejudices  for  or  against  that  particular 
wheel,  for  the  apparent  limitation  of  the  trial. 

Mr.  Samuel  Webber,  civil  engineer,  of  Manchester,  N.  H. ,  who 
had  superintended  the  Centennial  tests  of  turbines,  was  present 
during  the  whole  of  the  experiments,  and  I  availed  myself  of  an 
association  with  him  in  overlooking  the  experiments,  so  that  one  of 
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us  should  be  present  at  every  trial,  and  thus  always  have  a  dis- 
interested party  to  record  tlie  readings  of  the  dynamometer  and 
gauges,  and  the  time  of  the  experiment,  to  serve  as  a  clieck  upon 
the  readings  recorded  by  Mr.  Emerson's  assistant  and  taken  by 
him.  Mr.  Webber  was  assisted  most  of  the  time  by  Mr,  Stockwell 
Bettes,  civil  engineer,  of  Springfield,  Mass.,  who  read  the  gauges 
and  otherwise  checked  the  readings  taken  and  recorded  by  Mr. 
Smerson. 

All  of  Mr.  Emerson's  readings,  and  such  of  Mr.  Webber's  as  he 
desired,  were  recorded  in  a  book  kept  for  the  purpose.  These 
records  were  kept  and  all  the  computations  therefrom  were  made 
by  Miss  Charla  Adams,  who  for  a  long  time  has  been  familiar  with 
such  experiments  and  computations  as  an  assistant  of  Mr.  Emerson, 
and  who,  1  am  satisfied  from  a  personal  examination  of  her  work, 
has  performed  the  duty  in  a  careful,  accurate  and  thorough 
manner. 

Experiments  upon  the  following  wheels  were  all  witnessed  by 
Mr.  Webber,,  and  part  of  them  by  myself : 

October  10,  1879,  Tyler  Wheel. 


(( 

11,  * 

*      Thompson  Wheel. 

a 

u,    * 

*      New  American  Wheel. 

n 

15,     * 

*      "  Humming  Bird  "  Wheel. 

tc 

16,     * 

*      Success  Wheel. 

it 

17,     ' 

*      Two  Tait  Wheels. 

<( 

18,     ' 

*      Repeated  Test  of  Tait  First  Wheel 
(buckets  chipped). 

n 

18,     ' 

*      Sherwood  Wheel. 

it 

21,     * 

*      Nonesuch  Wheel. 

(( 

22,     * 

*      Curtis  Wheel. 

(< 

28,     * 

'      Pair  of  Curtis  Wheels  set  horizontally. 

November 

11,     * 

*      Hercules  Wheel. 

11 

12,     * 

'      Hercules  Wheel. 

n 

13,     * 

'      Houston  Wheel. 

il 

14,     * 

*      Wetmore  Wheel. 

n 

15,     * 

*      Monarch  Wheel. 

Tlie  computed  volumes  of  discharge,  and  the  percentage  of 
efficiency  of  the  foregoing  wheels,  as  shown  in  your  Report,  the 
proof  of  which  has  been  submitted  to  me,  have  been  carefully  ex- 
amined with  a  view  to  determine  the  relative  value  of  the  wheels 
named,  and  their  respective  performances  under  the  different  con- 
ditions and  amounts  of  water  with  which  they  were  tested. 

In  tlie  testing  of  turbines,  it  has  been  the  practice  to  first  de- 
termine the  velocity  at  which  the  wheel  will  give  its  greatest  effect 
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when  using  all  the  water  that  will  run  through  it  with  the  gates  or 
entrance  apertures  open  to  their  full  extent,  or  at  **full  gate;  " 
then  to  diminish  the  quantity  of  water  to  three-quarters  and  one- 
half,  as  nearly  as  practicable,  and  to  estimate  the  power  of  the 
wheel  when  running  at  the  same  velocity.  The  experiments  at 
Holyoke  were  conducted  practically  in  this  manner.  The  best 
velocity  was  found  for  '*  full  gate,"  and  then  the  amount  of  water 
was  diminished  gradually  in  successive  experiments  to  the  neig^h- 
borhood  of  half  the  quantity,  with  the  wheel  running  as  nearly  as 
might  be  at  the  same  speed. 

This  is  perhaps  the  best  way  to  make  such  tests,  everything  con- 
sidered. But  it  does  not  in  all  cases  give  the  exact  relative  value 
of  the  wheels.  Some  turbines  might  give  a  better  result  at  a 
different  velocity  when  using  a  less  amount  of  water,  and  make 
their  average,  say,  from  half  to  full  gate  better  than  by  the  former 
method.  The  difficulty,  however,  of  getting  at  the  exact  velocity 
at  which  any  turbine  would  give  its  best  results  when  using  differ- 
ent quantities  of  water,  is  too  great  to  warrant  such  determinations 
in  a  series  of  comparative  tests  such  as  were  made  at  Holyoke. 
The  same  method  must  be  established  for  all,  and  the  customary 
one  appears  to  be  the  fairest,  as  no  other  would  probably  be  agreed 
to  by  all  the  turbine  builders.  In  the  practical  use  of  turbines  for 
power,  it  is  rarely  the  case  that  a  wheel  is  put  in  of  the  exact  power 
required.  A  margin  must  be  left  for  an  excess  of  power  to  meet 
emergencies,  and  allowance  must  be  made  for  an  increase  of 
machinery,  so  that  a  larger  wheel  is  ordinarily  purchased  than 
would  just  suffice  to  meet  present  requirements.  For  this  reason, 
it  is  not  the  wheel  which  gives  the  highest  percentage  of  efficiency 
at  '*full  gate"  that  is  really  the  best  wheel.  There  can  be  no 
point  fixed  at  which  any  wheels  should  be  compared,  but  it  is 
thought  that  perhaps  '' three-quarters  gate"  is  about  the  average 
point  at  which  wheels  are  used,  and  their  comparative  efficiency  at 
from  one-half  to  their  full  power  sufficiently  represents  their  real 
value.  It  would  probably  be  a  better  comparative  test  of  wheels  to 
get  their  best  velocity  at  *'  three-quarters  gate  "  and  run  them  with 
the  same  velocity  for  greater  and  less  quantities.  This  would  give 
the  real  value  of  the  wheel  better  than  the  present  practice,  but  it 
would  probably  not  be  generally  agreed  to.  In  using  the  terms 
**  full  gate,'*  **  half  gate,"  **  three-quarters  gate,"  etc.,  the  relative 
quantity  of  water  is  meant.  The  opening  of  the  wheel  gates  them- 
selves is  not  considered.    Their  construction  is  often  such  that 
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opening  or  closing  tbem  a  certain  proportion  does  not  affisct  the 
quantity  of  water  in  the  same  manner.  It  not  unfrequently  happens 
that  a  slight  closing  of  the  gate  increases  the  quantity  of  water 
passing  through  them,  so  that  the  gates  themselves  are  deceptive 
and  are  no  criterion  of  the  amount  of  water  used.  The  gate  open- 
ing is  sometimes  used  to  deceive  the  uninitiated  in  the  circulars  of 
unscrupulous  turbine  builders,  calling  *^  half  gate'*  perhaps  two- 
thirds  the  whole  quantity  of  water,  so  as  to  give  a  higher  percentage 
of  efficiency,  but  the  only  true  standard  of  comparison  is  the  actual 
amount  of  water  measured  as  it  leaves  the  wheel. 

The  experiments  upon  the  before-named  wheels  have  been  care- 
fully plotted  with  the  amounts  of  water  and  the  percentage  of 
efficiency  as  co-ordinates,  and  a  mean  curve  drawn  through  the 
points  for  each  wheel.  These  curves  have  been  all  reduced  to  a 
uniform  horizontal  scale  for  the  purpose  of  comparison,  so  as  t4> 
obtain  their  relative  efficiency  at  all  proportions  of  the  whole 
amount  of  water  from  half  to  full  gate.  The  curves  of  the  eight 
wheels  giving  the  highest  efficiency  are  shown  on  the  annexed  dia- 
gram. The  horizontal  scale  shows  the  parts  of  the  whole  quantity 
of  water  from  half  to  full  gate,  and  the  vertical  scale  shows  the  per- 
centage of  efficiency  at  all  points  corresponding  to  the  amount  of 
water  indicated. 

The  average  percentage  of  efficiency  for  these  eight  wheels  has 
been  computed  for  the  amount  of  water  from  half  to  three-quarters 
gate,  from  half  to  full  gate,  and  from  three-quarters  to  full  gate,  as 
shown  in  the  following  table  : 

Tablb  Showing  Avbragb  Pbbcbvttaob  at  Part  Gatb. 


Namb. 

ito|. 
Per  cent. 

J  to  fuU. 
Per  cent. 

k  to  full. 
Per  cent. 

Hercules, 

.737 

.805 

•771 

New  American, 

.732 

.795 

•763 

Success, 

.708 

.786 

.747 

Tyler, 

.665 

.766 

.716 

Tait, 

.680 

.744 

.712 

Thompson, 

.696 

.721 

.709 

Nonesuch, 

.619 

.712 

.666 

Houston, 

.397 

.717 

.557 
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By  examiniiig  the  diftcpram  and  the  foregoing  table,  the  peculiar- 
ities of  the  seyeral  wheels  will  be  readily  seen.  It  will  be  observed 
that  the  Houston  turbine,  which  has  the  highest  percentage  of 
effect  at  fall  gate,  is  really  the  least  efficient  at  from  half  to  three- 
quarters,  and  from  half  to  fUll  gate,  of  all  those  shown  on  the  dia- 
gram, and  is  only  superior  to  the  Nonesuch  at  from  three-quarters 
to  full  gate,  and  that  by  a  very  trifling  amount;  so  that  the  wheel 
which  apparently  has  the  highest  percentage  is  really  the  least  de- 
sirable for  actual  use.  The  Thompson  turbine,  which  has  the 
lowest  percentage  of  those  shown,  at  full  gate,  rises  to  the  sixth 
place  at  from  one-half  to  full  gate,  and  to  the  fourth  place  at  from 
one-half  to  three-quarters  gate.  The  Tyler  turbine,  which  has  the 
second  highest  percentage  at  full  gate,  falls  to  the  sixth  place  at 
firom  one-half  to  three-quarters  gate.  The  Hercules  turbine,  which 
stands  third  only  at  full  gate,  takes  the  first  rank  at  from  half  to 
full  gate,  or  any  of  its  subdivisions.  The  New  American  turbine, 
which  stands  only  fifth  in  the  percentage  at  full  gate,  is  second  only 
to  the  Hercules  at  from  one-half  to  full  gate  or  either  of  its  subdi- 
visions, and,  indeed,  differs  from  the  Hercules  very  slightly  in  its 
useful  effect  through  the  whole  range  shown. 

Taking  the  average  useful  effect  of  the  wheels  shown  from  one- 
half  to  full  gate  as  a  measure  of  their  efficiency,  their  relative  value 
is  in  the  order  shown  in  the  table. 

Among  the  turbines  tested  at  about  the  time  of  the  experiments 
upon  the  wheels  before  named,  were  two  very  remarkable  ones  on 
account  of  their  very  different  qualities  and  performance.  These 
were  the  Rechard,  a  statement  of  which  is  included  in  your  Report, 
and  the  Victor,  which  was  used  in  the  gear  experiments,  likewise 
attached  to  your  Report.  The  first-mentioned  has  a  percentage 
of  useful  effiect  of  only  69  at  full  gate,  while  the  latter  lias  a  per- 
centage of  92.  At  thirteen-sixteenths  of  full  gate,  the  percentage  of 
efficiency  becomes  reversed,  and  below  that  the  Rechard  is  oy  far 
the  most  eff*ective  turbine.  From  one-half  to  full  gate  the  efficiency 
of  the  Rechard  is  second  only  to  the  Hercules,  while  for  the  same 
range  the  Victor  would  come  fourth  in  the  list. 

Neither  Mr.  Webber  nor  myself  witnessed  the  experiments  upon 
these  wheels,  but  they  are  mentioned  to  show  that  a  high  percent- 
age at  full  gate  is  often  deceptive  and  does  not  always  indicate  the 
best  wheel  for  practical  use. 

In  the  foregoing  Report,  with  the  exception  of  the  last  two  wheels, 
only  such  wheels  are  considered  as  were  tested  in  the  presence  of  Mr. 
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Webber  or  myieif.  The  Hit  appears  to  embrace  ail  the  really  good 
wheels  presented,  and  gives  their  efficiency  as  we  saw  it.  Some  of 
these  wheels  show  a  little  higher  percentage  than  I  have  given  in 
some  of  the  other  experiments  in  your  Report,  particularly  the 
New  American,  but  I  have  thought  best  to  confine  myself  to  those 
experiments  that  were  witnessed  and  verified  by  the  attending 
engineers. 

With  the  sincere  hope  that  comparative  and  competitive  tests  of 
turbines  will  be  continued,  and  that  thereby  the  public  and  users 
of  power  will  know  more  fully  the  qualities  of  the  wheels  they  pur- 
chase, and  the  useful  effect  they  are  likely  to  derive  from  them, 

I  remain,  very  respectfully  yours, 

THEO.  G.  ELLIS,  Civil  EMonrnsB. 
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REPORT  OF  SAM'L  WEBBER. 

WM.  A.  CHASE,  Esq., 

Treasurer  Holyohe  Water  Power  Co, 

Dbak  Sib  :  I  was  requested  by  you  in  October,  1879,  to  come 
to  Holjoke  and  be  present  at  a  series  of  competitiTt  tests  of  tar- 
bines,  and  to  see  that  the  measurements  were  correctly  made,  and 
the  apparatus  in  perfect  order.  I  was,  accordingly,  present  the 
gpreater  part  of  the  time  from  October  9th  to  November  15th,  and 
witnessed  the  tests  of  the  following  wheels,  yiz. : 

Oct.  9th  and  10th,     The  "  Tyler"  Wheel. 
"  11th,       "    "  Thompson"  Wheel. 

**  14th,       **    ^*  New  American,"  being  a  wheel 

of  the  Swain  type  of  bucket, 
with  the  case  and  gates  for- 
merly used  for  the  ** American 
Wheel." 
October  16th,    The  "  Humming  Bird  "  Wheel. 

16th,       "    "  Success  "  Wheel. 
17th,       "    "  Tait  Centennial,"  2  wheels. 
18th,       "  «<  "        1st  wheel  repeated. 

"  "    "  Sherwood  "  Wheel. 

21st,       **    "Nonesuch"  Wheel,  from  Clark  & 

Chapman. 
22nd,      "    **  Gates  Curtis  "  Wheel. 
27th,       ^*  "    pair  of  wheels  on  draft  tube. 

Nov.  11th  and  12th,       "    "  Hercules  "  Wheel. 
13th,       **    "  Houston "  Wheel. 
14th,       "    "  Wetmore  "  Wheel. 
16th,       "    "  Monarch "  Wheel. 


During  all  these  tests,  I  verified  the  measurements  of  the  weir, 
the  revolutions  of  the  wheel,  the  head  of  water,  and  the  weight  on 
the  steelyard,  and  in  these  measurements  I  was  assisted  by  Mr. 
Stockwell  Bettes ;  and  from  the  data  so  obtained  I  have  made  up 
complete  calculations  of  the  results. 

I  have  examined  the  proof  sheets  sent  me  by  Mr.  James  Emerson, 
of  his  report  and  calculations  of  these  tests,  and  have  no  hesitation 
in  accepting  them,  as  in  very  many  cases  we  agree  exactly,  while  in 
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BO  case  is  there  a  yariation  of  over  1  per  cent.,  and  these  difTerences 
are  mainly  due  to  slight  differences  in  the  weir  readings,  as  taken 
hy  Mr.  Biaerson  and  Mr.  Bettes. 

I  was  also  present  during  a  portion  of  the  gear  and  belt  tests  in 
April,  1880,  and  can  certify  to  the  correctness  of  Mr.  Emerson's 
report  of  those  tests,  so  far  as  the  results  then  obtained  are  con- 
cerned. 

I  cannot,  however,  consider  these  tests  as  conclusive,  from  the 
fact  that  the  gears  were  entirely  new,  and  that  there  was  no  accu- 
rate method  of  regulating  the  proper  depth  to  which  the  gears 
should  be  put  in  contact — a  sliglit  change  in  such  depth  having 
shown  a  great  difference  in  the  net  power  attained. 

Neither  was  there  any  method  for  regulating  or  ascertaining  the 
the  tension  of  the  belts. 

Nor  should  I  be  satisfied  to  accept  the  result  obtained  from  the 
15-inch  Victor  wheel  as  conclusive  of  the  merits  of  wheels  of  that 
make,  as  from  various  tests  the  very  small  wheels  of  almost  all 
patterns  usually  give  a  higher  percentage  than  the  larger  ones. 

Yours  very  truly, 

SAMX  WEBBER,  C.  E. 
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REPORT  OF  JAMES  EMERSON. 

WILLIAM  A.  CHASE, 

Agent  Water  Power  Co,,  Holyohe,  Mass, 

Sir  :  Having,  in  connection  with  the  engineers  named,  completed 
the  series  of  turbine  and  dynamic  experiments  announced  by  your 
Company,  the  results  obtained  by  myself,  with  accompanying 
remarks,  are  here  submitted  for  your  consideration. 

In  presenting  this  report,  it  is  a  pleasure  to  recall  the  interest 
taken  in  the  experiments,  from  the  beginning  to  their  close,  by 
engineers  and  experts  in  such  matters.  There  was  hardly  a  trial 
of  any  kind  without  the  presence  of  such.  Mr.  Bettes  assisted 
almost  invariably;  James  M.  Sickman,  C.  E.  of  Holyoke,  often 
examined  the  arrangements ;  Prof.  Norton,  of  the  Sheffield  Scien- 
tific School  of  New  Haven,  Ct.,  with  members  of  his  class,  spent  a 
day  in  witnessing  the  tests,  and,  later,  six  graduates  of  his  class 
assisted  in  testing  the  15-inch  Victor.  Prof.  Whittaker,  of  the 
Massachusetts  Institute  of  Technology,  with  some  sixteen  members 
of  his  class,  not  only  witnessed  the  experiments,  but  had  charge  of 
the  apparatus  for  several  hours,  and  tested  the  33-inch  Hercules  for 
practice.  The  Principal  of  the  Holyoke  High  School,  with  a  large 
delegation  of  scholars,  both  male  and  female,  spent  some  hours  in 
witnessing  the  tests,  and  seemingly  with  much  pleasure.  There 
were  also  witnesses  from  very  distant  places,  and  some  that  one 
would  hardly  expect  would  feel  an  interest  in  such  matters,  but 
they  seemed  to  do  so. 

JAMES  EMERSON. 

WiLLIMANSBTT,     MaSS.,  Aug.  1,  1880. 
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Wemple  Wheel. 


Sent  by  Wm.  Wemple'a  Sans,  FultonvUU^  JST.  T» 


IS-lnch  wheel.    Central  and  downward  discharge.    Inside  register  gate. 


Data  below  for  one  minute.    Multiply  revolutions  by  10.    April  17, 1879. 


Gate  Opened 

Head 

Weight 

Rev  per 
minute 

Horse 
Power 

Cubic 
Feet 

Per 
Cent 

Whole  Gate 

18.80 

300 

000 

000 

4<                     t< 

18.24 

150 

335.3 

16.24 

623.06 

.7266 

«                     «* 

18.36 

160 

327.6 

15.88 

627.43 

.7298 

«(                      <( 

18.40 

170 

319 

16.43 

640.98 

.7375 

•  (                     •< 

18.26 

180 

303.5 

16.55 

645.48 

.7484 

.<                      << 

18.40 

190 

296 

17.04 

648.48 

.7661 

•  <                      «• 

18.35 

200 

280 

16.97 

651.49 

.7616 

»«                     <( 

18.24 

210 

259.5 

16.51 

660.44 

.7257 

•  t                     It 

18.29 

185 

293 

16.42 

648.48 

.7329 

«i                     <4 

18.17 

195 

282 

16.66 

651.49 

.7461 

Part  Gate. 

18.23 

150 

328 

14.81 

624.55 

.6887 

««       fi 

18.20 

175 

296 

15.69 

626.04 

.7290 

i(       <* 

18.20 

170 

294.6 

15.17 

642.48 

.6868 

4.                  4( 

18.21 

165 

282  5 

14.12 

599.42 

.6850 

4(                   »< 

18.22 

160 

290 

14.06 

596.42 

.6861 

<t                   •< 

18.24 

140 

278 

11.79 

542.63 

.6906 

.«                   (( 

18.24 

125 

293.5 

11.11 

625.45 

.6137 

((                   •( 

18.34 

100 

259 

7.85 

437.65 

.6178 

it                  « 

18.34 

100 

291.5 

8.83 

447.21 

.5700 

(i                   i* 

18.43 

75 

227.3 

5.65 

330.80 

.4906 

t<                   <«                                  ^ 

18.39 

75 

300.6 

6.83 

370.86 

.5302 

«(                  •* 

18.41 

75 

301 

6.84 

373.48 

.5842 

i(                   {< 

18.42 

80 

291.5 

7.07 

382  69 

.5309 

((                  <<                                 ^ 

18.48 

55 

288.6 

4.81 

299.28 

.4722 

■    «f                  l( 

18.48 

50 

303 

4.59 

298.03 

.4412 

Mr.  Wemple  not  being  able  to  get  up  a  wheel  of  the  size  required  in  timo^ 
allowed  this  to  be  reported  as  a  representative  of  the  kind. 
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Tyler  Wheel. 


1^ 
ll 

It 


ti«e  Opened 

1h^ 

Wtisht 

Uevpcr 

Uorso 
Power 

?™t' 

~Per~ 

18  30 

3;, 

87  16 

1373,63 

.7M1 

" 

ISfe 

a 

'i 

14il.ll 

:7B09 

" 

__ 

_ 

_ 

_ 

'^•^ 

*** 

Moessb^r  &  Heafhecote. 

SliU  bl/  !lfoe$tiBgtr  it  titatheatte,  OtrimcttPiu 


Data  below  for  one  minnUi.    Hultlply  reTolnaong  by  10.    Sept.  3  iiul  1, 


GM«  Openeil 

Head 

Weight 

milutt 

Power 

Feet"  1   Sa't 

Wl 

oleO 

1 

If 

100 

no 

120 

140 

160 
100 

180 

325' 

300 

254  !s 
230 

10.47 
I3M 

M3!«ft 

r339 
72Ct 

eoas 

««3 

Whole  Gate.    .    . 
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Tktor  Turbine. 


Thii  vheel  l 
undceiiirsll]':  -  -„-  -     ,  -- 

turn  of  KMe  rod.     It  is  h>  dMigc 


ininrigin;  dischargee  tbe  win 


.  ^.  1879. 
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Walsh  Bwible  Tnrbine. 

A<^  By  S.  X.  Sati/ord,  SMiaiiaan  fall*,  VUcoaHiL. 


Multiply  revDluiiona  by  ao.    Scpi.  8 


0.wOp.™d 

Held 

WeiKLl 

ininulc 

'Hors« 

"(.:i.bic 

rsnt 

Whole  Cm. 

17.28 

26!S 

ooo 

_ooo 

000 

mj 

ioi!o4 

416713 

>3»S 

n'.3» 

IMW 

lus.aa 

4%m:«3 

.717S 

leoo 

4Z«.88 

n'a» 

17.39 

1S7* 

loaiis 

17348 

vaM 

!7*oa 

Fort  GMe. 

1J:45 
17145 

1350 
1260 

1000 

8» 
460 

ao 

la 

IM 

• 

mm 
67  .as 

17 .84 

40s!:a5 

4010  loo 
1827174 

.U34 
IsMS 

'.am 

12* 

'.3aia 

■*        " 

_£__ 

"■'=' 

!??.- 

UA 

__^-l*- 

_2I«^ 

.389) 

3o6 
KiBgN  Tnrtlne. 

ntbyA.  3.  Sing,  PtnMac,  HhMgim. 


ructed  with  ■  thick  cr 


to  tho  boUom  ilm  or  whcvl,  0. 
'  for  one  miDute.    Uulliplyre 


lo  coiHtiuctcd  with  tli«  < 
tiw  wKer  used,  whelber  the  whfri 
9  RRpirMt  gnc,  the  crowQ  pliU« 


oliitio»  t>T  IS.    Sept.  X,  UTS. 


MM 


1048,53 

«ae.oo 


Tjrler  Wheel. 

J,  tent  by  John  TyUr.  C 


In  ftuidiUuB  vb«Ii  for  *a  opsn  compuailie  trial,  Mr.  Tfler 

■Uka  cr«UubI«  to  Ui  nunhood  ud  uoee  of  Mr  dFtliiuc-    ife  k 

" '■    '  M  lo  Uubines  had  BTeMly  increaatd 


'onid  bsT 
tt.MM.    By  cotnpHln^  iU  i 


be  obKrTcd  ia  tiw  teslDdhe  Uonucb,  thefecond  te 


Dum  below  for  one  mln 

ute.    M 

Idpry  re 

olnrion 

bjao. 

Oct.S,l 

Gou.  Opened 

Head 

Weight 

Rev  pel 

fc 

Cubic 
Feel 

Per 

Cent. 

Part  GUe. 
Fall  Guc. 

«.94 
«.88 

WOO 

1900 

102^ 
1«0  6 

100.7 

121J1 

m'.ii 

88^33 

2eio!4e 

4167.01 

not 

1776 

raw 

1733 

7H6 
!MT 

tm 

i6S7 

3o8 
Thomiitwii  Wheel. 


Data  helow  for 


.    MultiplyrcvolutionabrV 


Umc  0|).-ih^J 

Uc»d 

Wfighl 

mb-" 

tes 

CnWc 

-Ffr" 

Whole  Utte 

n.se 

1800 

ooo 

000 

1S68.73 

ooo 

17  4» 

soo. 

ao.a 

ra.H 

S302 

u 

63 1< 

Itobs 

.KN5 

li 

* 

200 

«li.6 

TtM 

S331 

% 

.0771 

20,5 

333; 

IG 

'.■mi 

1; 

w 

100 

18,fl 

7»;06 

3SM 

18 

.71M 

SS4S.S8 

^TSSS 

Part  GMo. 

i; 

** 

loo 

ll" 

T*:oo' 

siaaliR 

.7IW 
'.1i3» 

1] 

ms 

.7an 

ass< 

4SM 

'.wsa 

i& 

:  luis 

SUM 

*9M 

ISK 

'.1W1 

» 

.aa 

^===^^ 

_ 

18.2T 

4IS 

im' 

ti.a 

I  Perty'tj  lDiprQr«d  Turbine. 

Smi  b)/  Wm.  f.  PrrTy,  Srfdgtm,  Me. 


Dov 

Hll 

mr 

hsntc. 

g»te.    3».me 

hw 

eel. 

Dtl»btU,t,fofmeMiaaU.    Haliiplyre 

ollXioubylfr. 

liH.  13.  im. 

Gate  Opened 

IIphU 

Weight 

mimire 

lC™r 

Cubic 
Feci 

Per 
Cent 

17  9» 

MO 

H81 

785S 

::    ;: 

i?:«1 

rso 

11S,6 

N 

SIS 

I>.rt  Qtte. 

18*08 

iSo 

RO 

ISMW 

I   : 

1S,06 

isiw 

leo.T 

62 

iO 
89 
OJ 

UKM 

.VM4 
.JS04 

"   « 

iiisv 

goo 

■no 

21 

ioia.« 

1099.7B 
10T9.M 

.69M 
.MM 
.MIO 

.5168 

"   '• 

__ 

__ 

19.30 

3T5 

IM       1     28.40 

iib 


Beynotd's  Champion  Wheiel. 

nchvrhett.  itnlbgSIootKtr*  On.,  SUaiMle,  IT.  Y. 


■i\  dinnhnr^F.    Rfgiaic 


Data  below  for 

n 

n 

1*. 

Mn 

tiplyrevolnrtoMbjlO.    Oct.  IS.  1 

ST». 

fi«fOp«K-d 

H«ad 

Weight 

mi'«ir 

IIm„c 

C«WC 

J^ 

Wl.ole  Gale 

1§.34 

riw 

«oa 

000 

101  a.M 

000 

104  .00 

.7199 

w 

.766* 

IE 

2IKI.6 

.7089 

»50 

278.1 

ssisT 

.T8S7 

2«) 

9).54 

100  .30 

.78S1 

400 

343.1 

llOS-ffi 

.76t> 

3« 

».« 

108  .76 

V>M 

io»e.2» 

;776S 

18 

2ao' 

30.64 

log   ,76, 

.7S«1 

IS 

360 

28.96 

29.30 

100 :» 

;77eT 

3M 

33.42 

1083.86 

sas 

932.S 

20.03 

1080.90 

360 

2d3 

37.80 

108  JO 

.7493 

2e.9a 

.72*7 

" 

If 

li 

360 
300 

902 

27  J8 
23.72 

H 

:73M 

33« 

U.66 

.0070 

1) 

£50 

SM.6 

V.43 

S34!3t 

.0907 

M 

00,6 

B.M 

SM.U 

.eeta 

» 

90» 

202.6 

K.30 

746.01 

:: 

!l 

s 

u.w 

0.30 

737  .S3 
DS4.il 

l4«e 

IB 

%M 

.4310 



_ 

_ 

_ 

_ 

_ 

U 

90 

aw 

1.00 

63i;i2 

3" 
New  American  Wheel. 

ttl.  ttitt  »v  3lo<d,  MWt  J:  Ttmplt.  IXi/lin,,  I. 


ortdiw  hail  the  w 
lomi  tai  plan 


D-t*  belov  Kh 

nu 

a 

le. 

Ml 

iipiy  « 

oliitjons 

!)>■».    Oct.l4,lB7 

Hate  Opened. 

Head 

weight 

^iLiw 

IIo™ 

vs 

¥7r 

Cenl. 

VholaOuM 

jg^ 

»K 

000 

000 

6307.06 

000 

ie!33 

33.B4 

9)M 

■» 

io*:« 

fiii*i:«3 

7721 

"         " 

It 

29 

3025 

»,4S 

P«t«llU. 

li 

t. 

202i 
2075 

100.3 

82.93 

5484.60 
MBJ'OO 

7879 

16^9 

2000 

131.51 

i280,09 

r»8 

::   :: 

leiffi 

mi 

4984,41 

7989 

ia.ss 

1800 

ISTS 

ITOO 

:;   ." 

lOT^ 

]14.Rfl 
Ui.TS 

4629;oo 

8019 

liOH 

aoee.32 

7004 

;;     ;; 

}^ 

17 

losla 

88:54 

3H2.1S 
8937,34 

;;    ;; 

11 

14 

laoo 

1094 

3338.22 
3348.02 

7214 

r.    - 

15 

» 

1000 

m.3 

aim 

2909.24 

!627 

2ftlS.'70 

•9 

VhotoOste. 

_ 

_ 

_ 

_ 

_ 

It 

2060 

.^'^1. 

132.07      6607 .06 

:^ 

7701  _ 

SDeeess  Whefd, 

«MiuJk  *ltttl,  tnt  bji  S.  M.  Sinit\,  Tori,  P». 


ImproveiJ  Siim»«,  very  fraple  i 
minau.    MulUply  reTDlDUoDB 


.    Oct.l«,lB1«. 


I»S.4«       .«S61 


wh««l,  the  bucket!  hftTing  becD  cbLpped  ukd  atbpr 


cbiDgc*  ni»d«. 

— [ 

"     "      ■■-.■■ 

"i- 

.son 
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Nonesuch  'Wiieel. 

40-inch  wheels  sent  by  A.  8.  Clarkt  Turners  Fall»t  Mass* 


The  designer  sends  the  following  description : 

The  wheel  consists  of  downward  discharge  buckets,  enclosed  hj  bell-shaped 
cylinders.  The  one  forming  the  hub  of  the  wheel  has  the  concave  surface  next 
to  the  buckets.  The  other  forms  the  flange  or  band  which  encloses  the  lower 
or  reacting  parts  of  the  buckets,  and  has  the  eouyex  surface  next  to  them,  or 
larger  end  downward.  By  this  conatriiction,  the  loiter  parts  of  the  buckets  are 
expanded  on  their  outer  extremity,  which  gives  a  very  easy  discharge.  The 
curb  of  the  wheel  has  a  short  draft  tube  in  which  is  t|te  step  on  which  the  wheel 
revolves.  The  wat«s  enters  the  wheel  at  the  side  and'  above  the  outer  flange, 
through  a  system  of  stvaigbt  chutes,  within  which  is  A  <^linder  gate  having  on  the 
lower  edge  fins  or  blades,  which  extend  into  the  chutes.  The  downward  pres- 
sure on  these  blades  and  the  weight  of  tlie  gate  is  connterbalanced  by  an  upward 
pressure  on  nn  external  sectional  flange  near  t\»  top  of  the  gate,  and  within  the 
dome  in  which  the  gate  rises  to  open.  By  this  means  the  gate  opens  easy  under 
pressure.  The  wheel  i^  constructeH  on  the  theory  that  water  should  not  be 
changed  in  direction  horizontally  after  leaving  the  chutes,  but  take  a  downward 
direction  only,  as  the  wheel  absorbs  the  power  of  the  moving  water. 


Tliis  wheel  was  very  deep,  like  the  Hercules;  conical  in  shape,  40  inches  in 
diameter  at  the  top  and  48  at  the  bottom,  which  turiwd  outward  liKe  the  Risdon-— 
hardly  distinguishable  in  outward  appeanince  of  curb  from  the  Hercules* 

•  Data  below  for  one  minute.    Multiply  revolutions  by  20.    Oct.  21-,  1879. 


Gate  Opened 

Head 

Weight 

Rev  per 
minute 

Horse 
Power 

000 

Cubic 
Feet 

Per 
Cent 

Whole  Gate 

17.37 

2100 

000 

3999.93 

000 

<t 

17.14 

1100 

157.6 

105.06 

4449.00 

.7294 

(( 

17.15 

1200 

149 

108.36 

4453.29 

.7512 

t« 

17.12 

1300 

139.2 

109.67 

4461.89 

.7600 

<t 

17.15 

1400 

131 

111.15 

4470.51 

.7676 

a 

17.13 

1500 

118.5 

107.74 

4470.51 

.7448 

(« 

17.12 

1000 

105.5 

102.30 

4449.00 

.7112 

(1 

17.11 

.    1376 

130.5 

108.75 

4444.38 

.7571 

Part 

Gate. 

.  17.12 

1425 

125.5 

108.75 

4444.38 

.7503 

i( 

,     1 

17.12 

1400 

128.2 

108.77 

4449.00 

.7562 

(( 

17.19 

1400 

120 

101.82 

4256.59 

.7368 

t« 

17.19 

1350 

125.5 

102.63 

4239.56 

.7461 

t< 

17.42 

1300 

106 

83.51 

3711.41 

.6839 

(4 

17.38 

1300 

114 

89.81 

3859  00 

.7090 

« 

17.38 

1200 

124.7 

90.70 

3838.38 

.7206 

(( 

17.48 

1100 

125 

83.33 

3866.58 

.7079 

«l 

17.65 

950 

125 

71.96 

3197.18 

.6750 

i4 

17.75 

800 

130 

63.03 

2936.63 

.6404 

(( 

17.75 

850 

123.5 

63.62 

2928.04 

.6481 

« 

17.84 

700 

127.5 

54.09 

2666.18 

.6021 

«i 

17.92 

675 

123 

50.31 

2512.67 

.6053 

«« 

17.92 

650 

126.5 

49.83 

2501.81 

.6885 

<« 

18.04 

500 

131 

39.69 

2224.52 

.6237 

<4 

18.03 

550 

122.5 

40.83 

2221.03 

.5398 

44 

17.09 

1400 

126 

106.91 

2440.00 

.7443 

Tait  Wheel. 

Stnl  bg  Th»mat  Tait,  Bechetlcr,  Jf.  T. 


Tbli  wlwcl  dlHhuged  downinrd.    It  had  tblck  cut  inn  buckets,  left  uiiii 
M  lb«  edge,  between  die  hoop  and  crown  plate. 

bus  below  ler  one  mlDDtc.    MnlUplr  rcTolntionfl  bf  IS.    Oct.  IT.  1379. 


Q.I.  Opened 

\\bu\ 

Weight 

ReTper 

Power 

Cubic 
Feel 

su 

inolo  G«U 

MX, 

1125 

000 

000 

lOSS.OO 

ooo 

11 

060 

M.ii 

W14,«0 

.7033 

as 

SB.20 

.7031 

% 

1031.]  S 

.Toaa 

&ao 

lfl2;.35 

V 

S90 

40  .U 

29 

«0<) 

40.23 

W 

no 

40.50 

>14B 

24 

40.n 

1043.33 

.T302 

ISO 

*.<.!» 

lM6!lS 

:ti64 

•n 

ltH.7B 

113 

Put  Gate. 

l§ 

u 

1 

M6 

162.5 

ssiia 

37.11 

itulei 

i6is:78 

Itoos 

.TOM 

1293.87 

.'oooa 

18.S7 

1311.03 

.JOTl 

18.43 

430 

14«' 

Z§!53 

.0864 

400 

162.8 

27.13 

11TS.01 

omIss 

ia48T 

IM 

itIm 

848.W 

'    I'S* 

210 

st».» 

iwwo 

'  lAITfOBfMimedJ. 


hlHDUl 

au.Op*md 

B«d 

Weight 

B'niS 

Hor» 

Cable 

WIjoIbGu* 

1S.IS 

uo 

1U.3 

89  67 

«4T< 

u.u 

ISO 

17  .M 

.MM 

Omt^igbOit  at  ta  inch,  and  edgei  rauuiled  on  front  ^ 
■hup  on  bwA  gide,  betwft^u  the  noop  and  crown  pljttp. 


'  chlpptd  "  bvk 


7U0 

171U.11 

;;    '.'.     

3T» 

Im'ot 

is.sa 

TSO 

13* 

«.02 

Mtl 

3i6 


Herenles  Wheel. 

Holyoii  MarMnr  Co.,  ^D^iati^JToH. 


'  I  Po*' 


Hercules  Wheel. 

BolfOte  JfiKJUnc  Co.,  Bolyokc,  JTom. 


.K-iDch  wheel ;  w^lii,  4,000  pgunds ;  prlc 

Tested  Nor,  11, 

Same  wheel  ssteeted  Nov.lth.    It  slood  In  the  flume  duriiw  Ihe  Inter 

ere  flcilng  up  IIh  ueBrir  horlzoutiil  drift  lube  Uliuuatrd  further  i 
pon.  PreTiDus  lo  Ihl>  aecood  trial  the  itep  wii9  taken  out,  eiamiiKil  m 
lely  "  trued  up,"  after  which  opeiation  tlie  wheel  beoune  unmeidy  Id 
id  diUcult  la  cmtml  by  brake,  though  quite  the  rerene  during  the  &it 


GateOpeiwd 

Head 

Weight 

■^;S« 

Po°i« 

Cubic 

Cent. 

Whole  Gate 

S«9 

lj-5 

IK 

117.42 

4«MI.M 

.T9M 

«!e§ 

MiM 

!«;& 

in;o4 

Itoss 

iimM 

.7S7B 

6.70 

PHtG-te. 

7.00 

i7.oa 

17.08 

iI76 

14« 

107  !33 
106^ 

losiflo 

4i»:m 

iwoo 
.ii.ie 
.8<im 
.stoi 

i-:s« 

102* 

IM.S 

M.98 

■8001 

VIM 

3«T9.» 

36I4.W 

1   w 

MM 

900 

1?5'^ 

siioa 

31M.T4 

'.VM 

'.'.    '.'. 

17  74 

isi 

MM 

3om:g7 

'-THA 

iTias 

1300 

.7981 

.90n» 

.8064 

nies 

IIOO 

150' 

ioo!oo 

STSoioo 

.8015 

n.99 

.7100 

.A9M 

isios 

1.^1. s 

OUST 

",     '.'. 

I8.W 

SM 

1M.3 

s».ia 

2473.OT. 

2M6.M 

is 

3i8 


amw    Mat 


HoosUni  TVheel. 

ntl>vyaliiitJnJUllacMmtOo..l^icitm^tt,S.L 


Gue 

fked  very  hard. 

DMibeJowforonemimile.    Multiply  "'oluUons 

by  15. 

No..  H,  181 

S. 

GMe  Opened 

Head 

Weight 

K^r;^ 

Uar» 

Cubic  1 
Feel 

«nt 

WboleOole 

1«J1 

2125 

~*0» 

000 

2188  04  1 

000 

4S.« 

''.        '.'. 

1* 

W 

1«J5 

88 

60 

2704 
2897 

w 

ma 

;;    '.'. 

j{ 

* 

lUM 

«!7 

a 

27 

JTO. 

« 

WW 
«1TB 

FutOsM. 

?* 

38  .& 

46.6 

82 

46' 

12 

220( 

82 

nil 

iS 

900 

41-S 

7634 

00 

less 

43* 

62.00 

2311 

8fi 

I0i3 

If 

0084 

11 

2284 

» 

706S 

w 

5T5 

31 

ro 

aws 

18 

ms 

18« 

11 

350 

t33» 

21 

23 

KM 

_ 

. 

_ 

^ 

= 

I34e 

jl 

1262 

3K) 


!sult8  yoa  obtiLiKd  did  not  wju-nnt  ni  iaconLlnu 
been  nbrnDilaDed,  and  we  hive  returned  la  oni 

IlespectfliUx, 

SUIilVAN  MACHINE  CO. 

C.B.EICI,  mat. 
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Honston  Wheel. 


Dm„  belo«  for 

Den 

le.    Mu 

iply  ny 

olutious 

bjl5.    Nov.  J8. 

8T 

G.te  Opened. 

UcBd 

Wcif^t 

Ke-per 

[Ior»e 
rowrr 

Cubic 

Pec 

Wliote  GMe. 
PanUair. 

i4!a5 

u;4s 

aw 

616 

600 
S75 
800 

120 

15»' 

42!2T 
42.3* 

42;3i> 

shoa 

OT.ftl 

1&.46 
14.98 

i636.'l0 
1023.86 

imi4 

023.81 

1022 

nw 

7B0T 

Tooe 
<m 

3010 

[>iwnirBrd  diwhai^e,  limilnr  10  the  Rlgdon.wltlipLHln  cylinder jnu;  hudbeea 
use  two  jeRrn;  waa  sent  for  Che  purpose  ot  McerUiiiiinglhoeffieieniy  of  lh« 

Data  below  for  ODcmiDule.    Multiply  rerolulious  fa;  ID,    Oet.  1.K79. 


Boyer  Wheel. 

^elf  sent  by  It-  R.  Jtogert  ffphrala,  J^, 


Downward  aiwliarj 


|.M 


•U  by  Atbr€d  A  KotUK\,  Itamlltnun,  Jffg  Ob.,  Sigh  Pniat,  J/.  C 


i^m.  i 

'"" 

'"■^ 

ei7le>l 

iI«to 

ibc 

"'""" 

but  creditsble 

totht 

II 

^o: 

INT.N 

.C.,J 

W.  A. 

t,  Ee<j. 

Dear 

ban  It 

Lter»h«l. 

finished 

'"j 

Wllif 

:h  haei 

n"bo'^ 

■Sled  .iMCi 

[11  by  m; 

/self.  ' 

I'  w 

wheel  rna  OTcr  e^M  hone  vovrer,  under  nine  f'xit  hfad,  wilb  ^-^  Sfpian  inekti 
digcharge.  Ai  Ibe  lesl  1«  open  to  all  wbeeb-,  I  wouli)  be  pletucd  [o  eend  on  my 
wheel  ro  you,  under  Buch  rule  tuid  regulatime  a>  imu  dctlrt,  for  A  test  willi 

Very  respectfully, 

II.  L.  KOELLeCU. 


device  mnaideu;  also,  hs  a  •ample  of  hundreds  or  other  letters  recelred  of  the 

to  be  perlectl;  wortblcBB  by  tbo^o  acifUuLotod  with  the  tnbjectB  to  which  they 
belong.  fiuticDkrly  liu  this  been  Che  cue  In  turbine  plans.  It  Is  hardly  pouihle 
to  can<wlTe  of  a  device,  no  iqatier  boir  absurd,  that  baa  not  been  tried  tn  tlw 
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hopes  of  circumventing  nature  in  its  claim  for  friction  and  waste,  or,  what  Is 
more  generally  the  case,  hoping  to  achieve  **  perpetual  motion  *'  through  a  double 
use  of  the  same  fall  of  water.  Boydcu's  •'  Diflliser,'*  or  the  •*  Double  Turbines  ** 
of  M'ynkoop,  Leffel,  or  any  other  make,  have  proved  equally  fallacious.  The 
highest  results  have  been  obtained  from  the  single,  simple  plans.  As  the  most 
effective  means  of  presenting  this  fact  to  Mr.  Kocllsch,  the  Monarch  was  first 
tested  in  the  combined  form  designed.  The  results  may  be  seen  in  the  first  table 
below.  Then  the  lower  wheel  C  and  chutes  B  were  removed  and  the  wheel  A 
alone-tested;  results  obtained  in  the  lowest  table.  Whenever  the  efficiency  of  a 
single  turbine  is  increased  by  the  addition  of  a  second  wheel  or  diffuser  beneath, 
it  may  safely  be  concluded  that  the  upper  wheel  is  defective. 

Data  below  for  one  minute.    Multiply  revolutions  by  10.    Nov.  15, 1879. 


Gate  Opened 

Head 

Weight 

Rev  per 
minute 

Horse 
Power 

Cubic 
Feet 

Per 
Cent 

Whole  Gate. 

.         .         .         .          • 

18.48 

75 

265.5 

6.09 

420.92 

.4145 

.          • 

18.49 

85 

250 

6.40 

423.66 

.4326 

,          , 

1 

18.49 

95 

288.3 

6.86 

427.76 

.4592 

.         . 

18.51 

105 

223 

7.06 

429.14 

.4708 

•          . 

18.51 

120 

207,5 

7.54 

429.14 

.5025 

• 

18.51 

130 

172 

7.56 

429.14 

.5007 

^          , 

18.51 

140 

182 

7.72 

430.50 

.5135 

.          a          • 

18.51 

150 

166 

7.64 

433.24 

.4978 

Gate  closed  5 

tuins. 

18^1 

130 

194.5 

7.66 

430.50 

.5095 

10 

<i 

18.51 

135 

187 

7.65 

430.50 

.5087 

((        «       i< 

<< 

18.52 

135 

187 

7.65 

429.14 

.5096 

«<       15 

<< 

18.53 

135 

193.7 

7.92 

418.19 

.5411 

(1         <<        «( 

<< 

18.52 

140 

187 

7.90 

415.47 

.5436 

<(                 4(               << 

(( 

18.55 

130 

194.5 

7.66 

383.11 

.5706 

(1                 <l              (( 

i( 

18.56 

140 

179.5 

7.61 

376.44 

.6767 

<(                 «.               *( 

<  1 

18.67 

75 

152.6 

3.46 

242.80 

.4135 

<f                 l<               << 

(< 

18.65  1 

95 

184 

5.29 

292.24 

.6139 

After  the  above  tests  were  made,  the  lower  wheel  and  set  of  chutes  were 
removed. 

Test  of  upper  wheel  A. 


Whole  Giite.    . 

•     .   •          •          • 

18.32 

130 

267 

9.00 

602.24 

.4319 

• 

•          ■ 

18.33 

140 

229 

9.71 

504.81 

.4405 

fc               li 

• 

•          • 

18.34 

150 

184.5 

8.38 

587.40 

.4119 

Gate  closed  5  turns. 

18.34 

130 

270.3 

10.64 

605.22 

.4847 

(4                14                 41 

18.35 

140 

232.5 

9.86 

600.75 

.4775 

.4                .4              10 

18.35 

130 

277.5 

10.93 

605.22 

.6210 

44                  44               44 

18.37 

140 

232.5 

9.86 

590.36 

.4813 

4,                 44              15 

18.37 

130 

293-5 

11.56 

678.54 

.6769 

44                 44               44 

18.38 

140 

247.5 

10.60 

565.33 

.6350 

44                 44               13 

18.39 

130 

290.5 

11.44 

539.11 

.5969 

44                 44               44 

18.37 

140 

239 

10.17 

624.68 

.6687 

44              21 

13.46 

110 

267 

5.90 

429.14 

.6942 

44                 44               44 

18.47 

105 

235 

7.47 

404.62 

.6292 

"        ••       22i 

18.65 

75 

263.3 

6.98 

317.65 

.6344 

u        44       24 

18.62 

50 

215 

3.25 

242.80 

.3806 

New  American  Wheel. 

eti,  uni  by  SUmt,  Milli  A  TtmpU,  Dayioti,  0. 


Chutes  tuid  gate*  compleu.  Gatea  cut  iwar. 

ADDther  turbine  ofUie  etrae  lize,  but  of  Lncresscd  dlichBric,  msds  after  I 
test  of  theonerecordeduponlhe  opposite  page.  Tbe  cupaatj  of  thi«  wbe* 
double  that  of  the  old  4S-iach  AmerlcaD  with  central  discharge. 

-  ■       ■  .    Multiply  rcTolutioni  by  M.    Jan 


Head 

Wcigbl 

Ke.  per 

Power 

f"  «    1  (?M. 

Whole  QaU 

!?-?S 

im 

i«e 

109.00 

8823.n 

.1118 

RelealofllieHame.hi.ving 

<-.it<hc» 

-gsAo 

B^teio 

T.    Tl.is 

hang..  « 

Hinade 

Whole  Uue 

HM 

1760 

101.6 

iog.e3 

68^.43 

.T4M 

".         ". 

1317 

tSYfi.oe 

FartCiate. 

ilu 

^67 

Whole  (l«e. 

_ 

_ 

_ 

_ 

_ 

13.10 

2000 

W 

111.61 

■'^^^, 
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Hercules  Wheel. 

Bolyoke  Maehine  Co.,  Bolyoit,  Mat: 


DmU  below  for  one  min 

te.    MHWpljrre 

rolutioiu 

bjW. 

Jm.  10. 1680. 

GbM  Opened 

He*l    jWeight 

S£ 

fc 

f"<-i' 

-p^r- 

Whole  GbI*  »1  Lnchf»-    . 

!.« 

S 

Z 

33.16 

ss.oo 

SMi:76 
8m.32 

ocoo 

.!Ml 

::    ;:  ;:    ::    \ 

lira 

5 

If 

:7MB 

:7eo4 

".    ".  ".    "    : 

KM 

480+ 

gin:M 

.8986 
.81 W 

2760 

aiie 

m:»3 

Gate  open  19  incties. 

7892.10 

30.80 

:7e4s 

'.   ".  1   ;■, 

iIm 

78:6 

23.0B 

74M.60 
7*38.76 

S 

:7T48 

',  '.'.  \  " 

{■^ 

2300 

87* 

10:71 

672100 

.TWO 

liez 

:t«54 

\M 

hw 

86' 

10:76 

05  03 

e2Be:89 

:7a73 

\M 

.Ttn 

'.  ".  \   ". 

\A1 

1750 

81 

85  90 

6SMW 

.14M 

'.  "  "   ". 

nil      1400 

1300 

ea^ 

08,72 
OB.N 

4483:90 
4680  0« 

:t»4 

-Toae 
Mm 

84 

71.87 

■T06O 

Hercnles  Wheel. 

Boli/oke  MacMne  Co.,  Holyokt.  Xat4. 


Data  below  for  ono  m 


.    MoWply  HTolnU 


IB  by  10.    March  S,  ISM. 


32S 
Royer  Wheel. 

>/,  «enl  hg  R,  k.  KeyrT,  Sp/irata,  A. 


AttrrthElcaloIthefiisI 

DBIa  below  lOT  one  i 


<1.1«  Opciwd 

Dead 

Weight 

'ifLiiiile 

lIor.e 

Cubic 

Per 

^^l„.l,.  ,.^|„ 

IT  .88 

655 

000 

ODD 

WKM 

000 

17.711 

aM 

235.1 

ioxa 

§00.33 

'.'.       '.'. 

17.76 

am 

an 

3t.m 

HI4.B6 
filB.OO 

'.Wist 

.1848 

IV.TO 

4ua 

■MM 

928.47 

33  89 

MO 

^.5 

23,04 

:7S43 

£^.5 

WI.85 

isDOO 

n.T3 

370 

anis 

24!3» 

.7W4 

24.10 

818,00 

.7839 

380 

215' 

2:i!45 

msi 

i773a 

it:»2 

23.29 

»20.« 

.1614 

330- 

2l!9!i 

JlBl 

17.S0 

880.61 

.6434 

290 

880.38 

issm 

i?:*? 

270 

17JM 

818.18- 

ja68 

789.47 

'.una 

216 

n'.<n 

7«:i9 

JMi 

'.     '.'. 

18.09 

u 

aw 

I'm 

.448& 

201 

!38«I 

18.17 

a» 

r'.2i 

btn'.in 

.3T« 

e.aa 

K.Qb 

tn.^ 

80 

210 

3:8a 

vn'.et 

'.ssm 

1B.M 

3.3T 

402.18 
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Cycloiik  TarbiBe. 


More  than  ordinaiy  pi^iu  waa  taken  to  obtain  a  decisive  trial  of 
this  device,  not  from  anj  belief  in  ita  superior  cBtcienc;,  but  be- 
cause cyclonic  minds,  filled  ^ith  vorticatt  ideas,  are  far  more  abun- 
dant than  is  generally  realized,  not  only  with  the  illiterate  but 
qnite  a»  plentifiilly  with  the  educated,  the  turbine  user  aa  well  aa 
builder.  The  cyclone,  tht;  whirlpool  s.nd  centrifugal  force  have 
been  harped  upon  in  connection  wilh  'turbine  building  since  the 
conception  of  that  business, — Uriah  A.  Hoyden  and  the  author  of 
the  cyclonic  alike  trying  to  profit  'hereby,  to  gain  Something  from 
nothing.  It  should  be  plain  to  any  level  headed  person  that  to 
produce  a  centrifugal  force  of  one  hundred  ;>ounds,  a  aomewlial 
greater  force  must  be  expended  to  do  it.  Were  the  reverse  the  case, 
tlien  "perpetual  motion"  would  not  only  je  possible,  but  would  be 
very  philosophical.  The  following  explanation  and  description  ia 
by  the  atitbor : 

The  laws  (hu  jesTSrn  the  action  of  this  wheel.  >B  Its  name  impUes,  to  copifd 
from NhIuit,  anaii  foonded  on  lh«  princlpleB  uid  Uwi  thjvt  goveta  the  rolarv 

Uie  miHt  extended  cyclone,  arc  trtunlRti'd  aioni;  tbcir  c->un>c  iiiaiapld  rfvli. 
ea«  Dintion,  revolving  irooml  ils  uxih,  wliich  is  (be  |iDint  af  kiiwest  bxroinpler. 
Imnu'd'atflljr  the  TApor  Isduuecl  air  ruihiiip  iiioqg  the  earth's  tinrftire  from  |>olnIs 
of  higli  kironwlcr,  liM  in  ipirala  till  Ihej  reach  the  cooler  currents  or  the  upper 
atmosphere,  riod  there  riipldlv  condeoae  into  cliiudi  and  tsLd,  setting  free  the 
latent  lie^it  iirodnped  by  oaiidenniition  and  greatly  expnuding  Ihe  BUimuitding: 
■Unoipliere  luid  cniTes|>ondiUKly  InoreulnR  the  point  af  Inir  b«ame[et.  This 
rq>ld  roliuy  mntlon  call*  Inio  piny  the  centrlpetui  and  centririigHl  forei'B,  and  tlier, 
acting  idinait  equally  111  aiipaslle  directions,  aiu]  on  both  iddes  of  the  whirlinK  sir, 
It  escapFBBtirHily  upwards  with  tbe  power  of  both  Firces  combined.      Itlsibe 

ie»t  resistance,  to  it  mait  be    the  mo«t  perfect  snd  powerful    mecluuliul 

coiitriTuwe  with  wbieh  we  are  acquainted— sir  and  water  in  motioti  lieing  goT- 
erued  by  tbe  >ame  lows,  wilb  tbe  exception  Ibu  ;iir  is  compreialble  and  dutIC' 
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In  order  to  meet  tiM  difilnreiiceflt  I  have  made  fhe  upper  part  of  mr  wheel  a 
large  air  chamber*  then,  as  the  water  comes  up  into  the  wheel,  instead  of 
striking  an  iron  plate,  it  strikes  a  column  of  confined  air,  and  by  the  force  of 
elasticity,  it  is  thrown  back  upon  the  wheel  without  loss  of  power  and  escapes 
horizontfUly  at  the  perimeter  <^  the  wheel— thus  doing  away  with  most  of  tbit 
impact  ana  friction  which  seems  to  be  a  necessity  to  most  other  wheels.  The 
claims  that  I  have  ^ot  allowed  are,  first,  the  air  chamber,  which  is  described  as 
sphericd,  surmounting  the  wheel ;  second,  a  scroll  shaped  flume,  with  a oeotral 
aperture  through  the  top  plate  corresponding  to  one  in  the  lower  section  of  the 
wheel.  The  water  enters  the  flume  and  is  made  to  assume  a  vortical  or  cyclonic 
motion  before  it  reaches  the  wheel,  so  that  the  wheel  does  not  have  to  expend 
the  power  in  chai^g^iiig  a  direct  motion  of  the  water  column  to  a  rotarj'  or  spiral 
one,  out  it  gains  in  power  from  the  application  of  the  cyclonic  motion,  wliich 
the  water  has  gained  in  passing  throngn  the  flume,  so  that  the  wheel  gets  not 
only  the  head  pressure  but  that  due  to  the  acquired  centrifhgal  motion.  The 
value  of  this  wheel  seems  to  be,  first,  in  rapid  whirlpool  motion  before  it 
touches  the  wheel,  and  consequently  does  not  have  to  perform  that  labor;  sec- 
ond, its  great  velocity  of  revolution;  third,  the  water  coming  in  at  the  center 
and  flowing  outward  makes  the  most  of  centrifugal  force,  which  force  is  addi- 
tionul  to  head  pressure,  and  will  increase  in  proportion  to  the  square  of  its 
velocity ;  fourth,  a  small  wheel  will  do  as  much  work  as  others  two  or  three 
sizes  larger,  because  the  pressure,  being  greater,  will  discharge  more  water 
through  the  same  vent  with  corresponding  power. 

24-lnch  wheel ;  six  outlets,  each  2i  inches  square* 
Data  below  for  one  minute.    Multiply  revolutions  by  10.    March  10, 1880. 


Gate  Opened 

Head 

Weight 

Rev  per 
minute 

Horse 
Power 

Cubic 
Feet 

Per 

Cent 

Whole  Gate 

17.10 

200 

000 

0.00 

307.20 

000 

16.98 

60 

380 

5.75 

459.87 

.3900 

17.03 

75 

299 

6.70 

428.46 

.4861 

17.02 

100 

204 

6.18 

392.29 

.4801 

17.00 

00 

852 

6.40 

443.41 

.4405 

17.00 

70 

321^ 

6.81 

437.96 

.4842 

17.00 

80 

288.5 

6.99 

425.77 

.5113 

17.00 

90 

252.5 

6.88 

409.61 

.5231 

17.00 

85 

266.5 

6.86 

406.93 

.5250 

17.00 

85 

247 

6.36 

384.36 

.5153 

17.00 

75 

290 

6.59 

402.92 

.5094 

17.00 

65 

323.5 

6.37 

420.36 

.4719 

17.00 

50 

195 

2.95 

268.93 

.3416 

Another  test  of  same  wheel,  the  outlets  being  enlarged  to  2{  inches  square. 


Wliole  Gate 

16.93 

280 

000 

0.00 

416.31 

16.80 

75 

322.6 

7.32 

664.60 

16.80 

86 

289.5 

7.46 

565.81 

16.83 

05 

262 

7.54 

622.86 

16.84 

105 

235.5 

7.49 

608.69 

16.80 

100 

246.5 

7.46 

516.76 

16.82 

90 

278 

7.58 

534  23 

000 
.4086 
.4224 
.4537 
.4630 
.4558 
.4466 


Downward  nnd  outward  disci 
lie.    Multiply  reToluaons  by  15 


33* 
Hunt  Wheel. 

If  bg  «.  Jlnnl  Mackinr  CO.,  Ora«gt,  J 


This  wheel  wu  nude  rrom  llio  anme  |>al 

eloslng  llic  oulwsrd  ilisrhiirge.    ThexhaAi 
li.rge  diKioeter,  u  tbej-  were  mule  to  work  i 

DrU  below  for  one  minDU.    Multiply  re 
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Mercer's  Reliable  Tnrblne. 


.    Oulside  regliMr  gate. 


DaWbelo-for 

>»i»m 

le. 

MnlliplytoY 

byla,    Mav!!!>. 

S80. 

G»t«  Optned 

nc«d 

Weight 

Rt.v>S^ 

Horse 

Cubic 

Per 

WhoUi  G.tt 

18.28 

716 

oo» 

000 

1028.77 

000 

3W 

Wt 

se« 

18^1 

3T0 

W.J 

a 

IT 

loo; 

91 

•784 

w 

K-JS 

■m 

24 

.ASM 

» 

w 

P.rt  Gate. 

I 

3« 

376 
3K 

|.6 

a 

16 

961.5* 

ieZM 

it 

M 

W6 

an!6 

It 

BWisi 

.6776 

.4M8 

'.'.        '.'. 

ilii 

lis 

ass 

M 

21 

TMiii 

.4448 

Ml 

.. 

KJl 

lOU 

iia-ft 

* 

6*l!« 

ism 

3M 
Rechard  Wheel. 

24-incA  Kheet,  tent  hy  Ocorgc  F.  BaagheT,  York,  Pa. 


i 


Turbine  building,  like  the  other  art«,  «art«d  with  law  beginiuues.  how  fu-  bock 
It  is  iinpoaelble  lo  dclfrminc.  Wiilrr  wlic-cl*.  working  upon  vrrrii'le  iliafti,  vrn 
unci]  n'lilurles  Bince.  The  lub  u'li!'''!,  with  bucki'Is  made  of  wood,  uhI  ehAi>pd 
RUbitiuitliilliF  like  tlio(icotlhoJoiiviilwliM>l,i»«vothrearlici'tii' ■"-"""""-■=-- 
IboiiBb  iho  uapACI,  fluucr,  uiHlerximi,  brcnsc  hihI  oversliot  wen 
IhU  liiue— allof  wliicli  were  objcciloiuiblc  uoJcr  ccnidn  com"  " 
Jonval,  Ptrkcr.  Borden,  aud  inuuy  olhert,  attemiiled  lo  i 
from  Biich  ol^fuctiaDa,  but,  ia  doing  lo,  oTerlooked  Uie  bsbauI 


in  idy  recollpc 

wheels  free 
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In  supplyinfi:  a  mill  with  motive  power,  a  surplus  fortemergcncics  is  absolutely 
necessary.  The  plans  of  the  builders  alluded  to  were  generally  capable  of  pro- 
ducing wheels  reasonably  efficient,  when  working  with  the  maximum  supply  of 
water  that  would  pass  through  their  openings.  Half  that  quantity  would  hardly 
turn  the  wheel  to  speed.  Consequently,  wim  such  wheels  in  use  upon  our  van- 
able  streams,  it  was  necessary  to  have  them  so  small  that,  during  nine  months 
of  each  year,  from  half  to  three-fourths  of  the  water  would  run  to  waste  over  the 
dam,  or  the  works  must  stand  idle  through  the  dry  months — a  fact  that  prejudiced 
manufacturers  to  such  an  extent  that  breast  or  overshot  wheels  have  been  dis- 
placed with  reluctance. 

Mr.  Rechard,  like  a  few  other  recent  builders,  has  worked  upon  a  different 

Slan,  as  may  be  seen  by  an  examination  of  the  tabulated  results  below,  or  in  the 
iagram  connected  with  this  report,  instead  of  striving  for  high  results  at  full 
gate,  where  a  turbine  is  seldom  used  unless  during  back  water,  when  the  quan- 
tity used  is  of  no  account.  He  has  so  arranged  chutes  and  buckets  as  to  gain 
his  eighty-five  per  cent,  at  three-fourths  gate,  or  at  the  point  at  which  the  wheel 
Is  most  likely  to  be  used,  instead  of  from  tliirty  to  sixty  per  cent,  that  would  be 
realized  by  the  use  of  the  Fourneyron  or  any  of  the  carljr  whole  gate  turbines. 
Wheels  equal  to  the  one  tested  of  this  make  are  far  superior  in  eflibiency  to  any 
breast  or  overshot  wheel  that  can  be  produced,  no  matter  what  the  head  may 
be ;  and  such  wheels  enable  the  user  to  get  the  full  benefit  of  his  stream,  either 
in  its  highest  or  lowest  supply. 


The  results  below  show  this  wheel  to  be  the  most  economical  in  the  use  of 
water  at  about  three-fourths  discharge;  and  Mr.  Bangher  takes  the  very  novel 
course  of  tabling  the  capacity  of  his  wheels  at  that  point,  thus  insuring  the  pur- 
chaser not  only  the  full  power  represented  in  the  table,  but  a  surplus  for  emer- 
gencies. 

Data  below  for  one  minute.    Multiply  revolutions  by  15.    June  8,  1880. 


Gate  Opened 


Whole  Gate. 

((  <( 

**  << 

t<  <( 

(«  <t 

«<  i< 

«<  <( 

«(  «< 

t(  «t 

Part  Gate.     . 

««  << 

«  <( 

«  it 

**  '* 

««  «« 

(<  •« 

"  ** 

((  «< 

<(  << 

(«  4( 

<i  «( 

t(  (t 

<<  «< 

<i  (( 

<(  it 


Head 

Weight 

Rev  per 
minute 

18.03 

660 

000 

18.05 

300 

280.5 

18.05 

825 

269 

18.05 

350 

252 

18.04 

375 

234 

18.00 

400 

215 

18.04 

340 

257 

18.02 

360 

244.5 

18  02 

370 

235.5 

18.18 

325 

247 

18.22 

300 

255 

18.21 

325 

236.5 

18,26 

300 

255.5 

18.28 

275 

253 

18.34 

250 

253  5 

18.38 

225 

253.5 

18.39 

225 

24S 

18.41 

225 

244.5 

18.46 

185 

251.5 

18.46 

200 

240 

18.52 

150 

250 

18.51 

150 

247.5 

18.55 

150 

233 

18.62 

100 

243.5 

18.61 

80 

257 

18.67 

80 

224 

Horse 
Power 

000 
38.25 
39.73 
40.09 
39.88 
39.00 
39.71 
40.00 
39.61 
36.48 
34.77 

34.84 
31.62 
28.80 
25.92 
25.21 
25.01 
21.15 
21.81 
17.04 
16.87 
15.88 
11.08 
9.34 
8.14 


Cubic 
Feet 


1749.33 

1669  66 

1678.15 

1686.64 

1703.67 

1712.20 

1689.48 

1692.31 

1695.15 

1356.80 

1288.13 

1293.38 

1192.19 

1153.92 

1070.96 

977.66 

960.73 

946.29 

851.59 

8&6.26 

728  26 

721  57 

666.43 

555.61 

53491 

452  20 


Per 
Cent. 


00« 
.6719 
.6944 
.6972 
.6870 
.6700 
.6898 
.0943 
.6865 
.7829 
.7844 
.7851 
.8481 
.7937 
.7768 
.7630 
.7555 
.7600 
.7123 
.7305 
.6689 
.6687 
.6800 
.5662 
.4968 
.5104 
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The  Economical  Tnrbine. 


f  an  npwr  »taLn  dawnward  cltscharse  wlh<#] 


6»rinBtlus 

^al 

,Ui« 

ana 

o(  Biicrt 

n:  waa  103  aquvi 

luchu. 

D.l.lH-l<.wforom.niinu(c.    Mti 

U»lc  Opc.i?d 

ll.ad 

WtiRht 

mi'njr; 

P..wrr|     firl     1 

ri-r- 

Wkol*  Gue 

18.29 

485 

000 

0000 

752  36 

~«w 

244.5 

;8s:«8 

6446 

isiaa 

14.89 

IB.-iS 

2» 

22i 

1B.2T 

2M 

15'.M 

18.21 

240 

20«' 

»eo 

iM 

P»n  ll.t*. 

IS 

ao»' 
sio 

e.ix 

ass'jo 

424!o4 

3380 

m 

aoLft 

478.83 

ao9 

:;  :: 

«:« 

i?s 

9)9.6 
210 

lOJS 

6;o;» 

S134 

::  ;: 

18.39 

190 
210 

204.T 

ill 

S-i 

b4rs 

: 

2l» 

a>4!& 

B«uiiiU  UH  of  wine  wlicvl,  urea  of 

[igilurc  bcine  rnliioc J  lorawiuanriiic 

h^ 

wT;^(i.w.    .  :  .   ,   . 

WM 

20U 

231.2 

I8I-J 

686.88 

im 

1»,3I 

210 

222.3 

13.10 

881.87 
882.80 

18:33 

2j0 

184 

i*72 

Part  Gttf. 

215 

838.58 

2ua' 

9«64 

314.6 

5641 

18.40 

208 

882.04 

9884 

i8:« 

flloB 

6io;4» 

seoT 

18.62 

4882 

'.'.      '.'. 

^86 

ifle 

aisa 

w'.Ti 

1413 

18.81 

00 

soa  ■ 

S*I 

330.44 
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Stowe  Wheel. 

:cl,  trut  by  E.  \V.  lioff,  Sc: 


blUHtioo  ia  upon  the  unn^EaoDt  af  ffM«i, 
iH^ninkll.'  The  pliui  of  closing  ■  |iHrt  of  (lie 


with  t.  p  vUiil  supply  or  st "  part  xax> 
Uue  builderB,  uiif  is  still  a  favorite  id 


.    ...    _._ jf  Wamor.N.IL.patenleaipUii 

arly  id^Qtical  irilh  tlutt  of  tlie  Stewe  ibuul  I87».    J.  B.  Case,  of  Btiatol,  Cl., 
Id,  a.1  ibuut  Itae  uune  time,  puteuled  a  plu  the  aame  in  piiaciple,  IliODgk 


ll.ad 

Weight 

Kevper 

Power 

Feet 

Cent. 

la  Gates  Openi'd.    .    .    . 

n«5 

TM 

OUO 

0000 

i4a».48 

000 

isiou 

28^ 

.73M 

1S.0S 

360 

27* 

WM 

3W 

MS 

ffl.34 

21 

Il574 

18.W 

380 

386 

ii 

1187:54 

.7«e» 

18.1)5 

aoo 

a«o 

a 

!7«30 

"..        "..           '.'. 

liM 

420 

2S&t 

^ 

» 

iibbI;3 

.7788 

il'm 

^ 

1 

45 

i224!oe 

:7m 

n'.v: 

asi 

» 

J  :;    :; 

ii.a 

300 

as.3 

238 
240 

130 
224 

2 

wains 
36a:48 

:8642 

:!    :.'      II 

is!  80 

85 

; 

« 

*«70 

_ 

_ 

isiig 

"* 

aio" 

_i 

iL 

203:«a 

l4S4e 
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Hard  Working  Gate. 


To  atcerUiD  tbe  C0[np»r»aYe  cffideiic]'  of  ■  pl^u  qjUnder  kU«  at  differeW 
Maeei  of  gae  apeninc,  the  following  eiperimenn  wen  made :  A  S8-iach  itiHian 
(nruae  vm  islecled  fortheiinrpoaH.  II  wu  nne  oftlie  b«eC  ukd  from  the  iiune 
mttcnu  the  M>  per  cent.  Kneels  leported  of  that  make  wen  made.  The  gMx 
bolatJng  rods  and  geared  leien  were  cbaoged  lo  (be  plan  to  be  Been  upon  the 
Hant  wheel  reported opoaaDorJierpageF  Ai  the  gate  rmoed  to  open.  It  worked 
the  other  aide  up  Crnm  whatil  li  UlDBtniKd  here  and  Ihu-fonr  boimpgrDda  were 
connected  to  what  is  lepreseoted  u  the  bottom,  mnDlng  Dp.  and  is  no  wa^  ob- 
atructing  the  cbntes.  In  this  condition  tbe  wheel  was  ctu-efallr  uilttd. 
Data  below  for  one  minnte.    Mnltiply  reTolntiona  b;  IS. 

i    Weight^ 


iiw.ea 
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Easier  Working  Oate. 


sBt  <ir  the  awoe  wbccl.  the  tUngc  of  ibc  mtc  hSTing  been  cnc  v 
le  hrngth  at  the  cbatest  as  represented  above. 

l>ata  below  for  one  minute.    Hnltlplf  reTolutiou  b;  IS. 


Whole  Gnte.   . 


36.70 

2I.IA 
23^33 


340 
EiKy  Working  4jate. 


i^L 


A  turd  Mt  ^  U»  un  wheel.  (Iw  fluge 

>(lheg«ebii>iiig 

GucOpeiKd 

Head 

Weight 

Bevpe 

Hor« 

Cubic 

-*i.t 

69.31 

ie3 

U.23 

iwS'ia 

6680 

"      ",            

4U 

1*1' 

3«.«) 

imii 

aioi 

"      ~            "■♦• 

1« 

im 
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EXPERIMENTS 

WITH 

Gears,  Belts  and  Draft  Tubes. 

[These  experiments  occupied  the  time  from  March  18  to 

April  23  inclusive.] 


In  presenting  these  results ,  it  is  not  pretended  that  they  exhaust 
the  subjects,  for  such  is  far  from  being  the  case,  as  every  change 
made,  no  matter  how  slight,  caused  a  change  in  the  rate  of  trans- 
mission. The  best  results  obtained  are  given,  while  the  conditions 
under  which  they  were  obtained  were  certainly  quite  as  favorable 
as  gears  and  shafting  are  likely  to  be  placed  in  mills.  The  great 
loss  in  transmission  through  the  spur  gears  was  entirely  unexpected, 
and  the  experiment  was  repeated  at  intervals,  during  several  weeks, 
with  substantially  the  same  results  at  each  repetition,  and  it  would 
seem  desirable  to  make  a  more  exhaustive  trial  by  trying  a  greater 
variety  of  gears  of  different  make  and  relative  proportion,  and  par- 
ticularly of  gears  made  from  the  same  patterns,  but  of  different 
brands  of  iron.  There  must  be  some  discoverable  cause  why  one 
gear  will  run  without  perceptible  wear  for  years,  when  another,  put 
in  to  replace  it,  cuts  out  m  a  day  or  two.  So  of  water  wheel  steps, 
where  two  wheels,  seemingly  alike,  placed  in  the  same  pit,  with  one 
the  step  lasts  for  years,  while  the  other  requires  a  new  one  monthly. 
Is  there  not  some  property  in  the  iron  that  causes  such  different 
effects?  At  any  rate,  it  is  hardly  worth  while  to  spend  time,  brains 
and  money  in  efforts  to  produce  turbines  and  other  engines  of  the 
highest  efficiency,  unless  corresponding  efforts  are  made  to  transmit 
a  reasonable  proportion  of  such  efficiency. 


To  find  the  loss  of  power  in  transmission  through  gears,  and  the 
loss  by  use  of  draft  tubes,  the  highest  efficiency  in  each  case  must 
be  compared  with  that  of  the  16-inch  Victor  wheel  reported  upon 
the  next  page. 


34» 
Victor  Tnrbine. 

uhtt  In  diamiUr.    Price,  fSBO. 


and  belt  pxp«t1i 


MTCt&l  wceka  to  mate  the  falloving  geu,  drkit  tnbe 

Thf  rceulU  beloir  ehow  the  efficiency  of  llie  whecL 

D*U  for  one  minute.    MolUply  reToluttons  bj  10. 


Gate  Opened 

ne>d 

Weight 

a? 

1!.™ 

?e« 

Cent 

I«8 

>10 

ss»a 

081.1B 

em 

;;    ;;      

IB^l 

ss 

134 

e.T8 

MO.M 

.«t4t 
.SIM 

Tie  multi  obtuned  from  a  SS-J 
le  place  aod  under  predtel;  thi 

luu-;  gate,  the  regults  are  Bhow 


le  Bovden 
With  the 


P»rtG.te 

IS 

U6 

ses 

uw 

ss 

.76S1 

WiA 

s^ 

3«0.«3 

.4873 

Draft  Tabe  in  B&ekwafer. 


wlieel  WAS  pUcfid 
or  the  flume  in  the 
DndcrthefoUbeMl 
draft  tabeoftbew 
held  the  bridge-tn 


In  length  of  the  13  i 
tnbe  deacribed  on 
Ingp^e.  Ihelwli 
wM2IiiM:heii.bovi 
of  wheel  pit,  Ihe 
being  thTOagh  <  fee 
ot  ■ubmerged  dmft  I 
plKcd,  the  wheel ' 
with  the  stUe  opei 

Multiply  revolation 


Head 

Weight 

a 

7.SS 

270 
380 

m 

MS 

MO 
3U 

aea.-i  \    -km  i  luui.ra  i    .m^ 
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Draft  Tabe  Experiments. 


In  prafiring  forthf«e  tejts,  the  wlicol  was  placed  10  ftet  above  Hii"  flnn 
upon  the  lop  ot  •  dritft  tube  £3  iucbea  ioslde  diiunelcr,  ID  fc<'l  4  iocIk'^  iu  1 
AenlU  on  opposite  roge- 
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DXPABTHBNT  OF  THE  InTBBIOB,  ITHITBD  STATBS  PaTBKT  OWTtOM, 

Washington,  Z>.  C,  June  27th,  1880, 

Sir:  In  reply  to  your  letter  of  14th  inst.,  you  are  informed  that  the  records  of 
this  office  ihow  that  the  first  patent  granted  for  "  Draft  Tube  for  Water  Wheels  " 
was  issued  June  28th,  1840,  No.  1658.  It  appears  to  have  been  the  invention  of 
Zebnlon  and  Austin  Parker  of  Licking  Co.,  Ohio.  The  patent  was  issued  to 
Zebulon  Parker  and  R.  McKilby,  administrator  of  Austin  Parker,  deceased. 

Respectfully  yours, 

P.  A.  SEELEY,  Chief  Clerk. 

J>  KBS  Emkrson,  Willimansett,  Mass. 


Tests  of  16  inch  wheel  placed  as  shown  on  opposite  page. 

The  wheel  was  far  less  steady  during  this  trial  than  when  placed  at  the  bottom 
•f  the  flume.  As  the  tube  was  surrounded  by  8  feet  of  water,  of  course  there 
was  no  leakage  of  air. 


Gate  Opened 

Head 

Weight 

Rev  per 
minute 

Horse 
Power 

Cubic 
Feet 

Per 
Cent 

Whole  Gate 

17.73 

285 

322 

27.80 

959.51 

.8661 

17.77 

295 

307.5 

27.48 

957.85 

.8548 

«•         **'....• 

17.77 

305 

291.5 

26.94 

961.18 

.8352 

17.79 

270 

345 

28.22 

954.52 

,8799 

17.78 

275 

836.2 

28.02 

954.52 

.8741 

17.r9 

280 

326 

27.66 

961.18 

.8360 

17.80 

275 

338.5 

28.20 

957.85 

.8737 

Test  of  the  same,  the  lower  end  of  draft  tube  being  unsubmerged. 


Whole  Gate. 


I  17.80  I    100      I    266      I 


8.06 


i 


Second  test  of  the  same  draft  tube  taken  scrcral  days  later. 


Whole  Gate 

17.91 

200 

349.3 

21.17 

869.88 

.7194 

««         (« 

17.87 

230 

356.2 

24.82 

937.09 

.7848 

«<            u 

17.82 

250      . 

362 

27.42 

957.00 

.8512 

««            « 

17.81 

260 

354.5 

27.93 

967.12 

.8586 

M                 <« 

17.81 

270 

341.7 

27.95 

974.77 

.8628 

•«                 « 

17.79 

280 

325.5 

27.62 

983.75 

.8366 

Part  Gate. 

17.96 

200 

328.5 

19.90 

789.76 

.7428 

U              1«                    ^ 

17.95 

190 

840.7 

19.61 

783.43 

.7388 

M              M 

18.11 

100 

356.6 

10.80 

650.66 

.5733 

••              If 

18.11 

110 

345 

11.50 

649.22 

.6122 

The  wheel  was  more  difficult  to  control  with  brake  than  during  the  first  trial. 
It  took  a  long  time  to  clear  the  tube  of  air.  Quite  a  number  of  tests  were  takes 
before  anything  like  the  power  due  the  head  could  be  obtained,  though  they 
were  not  recorded. 
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Reduced  Draft;  Tube. 

Test  with  19-inch  draft  tube. 

During  this  test  the  wheel  was  placed  at  the  top  of  the  before  mentioned  23- 
inch  draft  tube,  that  haring  been  diminished  in  diameter  by  the  insertion  of  a 
lining  2  inches  in  thickness,  leaving  the  inside  diameter  of  tube  19  inches  in 
the  clear,  and  10  feet  4  inches  in  length  as  before ;  and,  as  before,  about  8  feet 
of  the  head  above  the  wheel. 


Gate  Opened 

Head 

Weight 

Eev  per 
minute 

Horse 
Power 

Cubic 
Feet 

Per 
Cent. 

Whole  Gate 

M                    t« 
<«                    (( 
<«                    •< 
«l                    li 

17.90 
17.88 
17.89 
17.89 
17.88 

250 
260 
270 
280 
240 

354 

337.5 

324.2 

809 

365 

26.81 
26.57 
26.52 
26.21 
26.54 

959.52 
961.18 
964.50 
966.17 
957.86 

.8264 
.8185 
.8187 
.8029 
.8204 

Test  of  the  above  arrangement  the  lower  e 

iid  of  tube  being  unsubmerged. 

Whole  Gate 

It        «( 

130 
140 

369 
367 

14.53 
15.57 

Draft  Tube  Again  Reduced. 

Test  with  15-inch  draft  tube. 

Continuation  of  the  same  arrangement  of  tubes  as  before,  another  lining 
having  been  inserted,  leaving  inside  diameter  of  tube  15  inches;  length,  10 
feet  4  inches,  as  before. 


Gate  Opened 


Whole  Gate 


•  4 
4i 
«l 
t* 

tt 
t* 


tl 
It 
<< 
«« 
It 
l< 


Gate  open  two-thirds. 
"        "    one-half.  . 
"        "    one-half.  . 


Head 

Weight 

Rev  per 
minute 

Horse 
Power 

Cubic 
Feet 

17.88 

200 

376 

22.81 

890.78 

17.87 

225 

336 

22.90 

898.97 

17.85 

250 

296 

22.42 

905.53 

17.86 

240 

810.6 

22.58 

905.53 

17.86 

230 

324.5 

22.61 

902.25 

17.86 

220 

339.5 

22.63 

898.97 

17.86 

210 

355.5 

22.62 

894.05 

18.08 

125 

338.5 

12.82 

591.92 

18.24 

70 

322.5 

6.84 

415.42 

18.24 

65 

329.2 

6.48 

415.42 

18.24 

60 

338 

6.14 

411.87 

Per 

Cent. 

.7584 
.7546 
.7339 
.7391 
.7429 
.7462 
.7500 
.6343 
.4779 
.4527 
.4333 


Test  with  the  lower  end  of  draft  tube  unsubmerged. 

Whole  Gate 

200 
225 

365 
323 

22.80 
22.02 

««         <« 
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The  Hercnles. 


Gmc  opened 

Ilcad 

WeiBht 

K.V  i>.r 

IIor>e' 
Pow,^r 

fI'I? 

-^ 

Wiolo  Gato 

1-03 

1000 

177  S 

80  J9 

SM4  21 

.TB48 

17 

82 

!n 

Tf.t  of  wheel  for  powe 
toiHbeinggeuedtoIhe 

after  it  w»a  plsccd 

in  (he  wlieel  case,  A,  M>d  prt 
11  nciT  b  J. 

™" 

1   w'.m      800 

35° 


view  of  Teldns  nanw,  Borlzonlal  'Wheels  lUid  Draft  Tabe. 
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Curtis  Wheel. 


If  Bulu  in  ibe  ubie  below  were  nbuif 
iiprigfatsbBftin  theusiu]  WIT.  Tbei 
chuiei  Here  open  in  lUU  imd  the  witt 


!l.t*rp.tel.i«ib«.uk(l«ut, 
pplicd  by  the  be»d  gutei  of 


DMA  below  ror  one  mln 

mf. 

M 

Itiplj  re 

volmion 

by  IS. 

[>et.  23,  1B7B. 

Qtte  Opened 

Head 

Weigbt 

Rev  per 

S" 

fS 

Per 

Cent 

17  69 

■SaB 

000 

BllSflB 

17 

7T 

ml 

78^ 

290S.30 

■8099 

;;     ;;    

n 

120» 

m 

8!.«0 

298J.29 

KS.ft 

12.4-1 

After  the  above  test,  the  etUBC  wheel,  witb  a  left'huitl  male  of  the  sume  suppoMd 
efflcieney,  WM  fixed  upon  uhorimntal  iLuO,  tben  placed  ill  ibe  flume  al  the  lop 
of  a  aqoBre  draft  lube  ten  feet  in  heiehl.  as  sbnwn  on  Iheuppnsitc  page.  The  draft 
tube  and  Bltinge  wtre  rumished  by  Mr.  Curtis,  and  upon  tbc  smnc  scale  thai  be  bed 
fnrnished  for  other  wheels  of  Ihe  kind  for  mills.  The  doltpd  lines  in  balk-head 
■bov  the  applicatian  of  (he  brake  for  lestine.  The  ssme  ma;  perhaps  be  more 
clearly  seen  in  the  iUugCiutiOD  of  Measnriog  Fit  in  ibc  first  port  of  Ibis  report. 
Dats  below  for  one  minute,    Mnltipty  rrvolnlion?  by  20. 


160  5 

m''o 

■•     

1B.S9 

1300 

16B.2 

m,« 
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New  American  Wheel. 

«/,  MHi  bf  Sloul,  Mill,  S  Ttmpli.  Daylon,  OMo. 


to  ucort^n  whether  fl^rinu  the  onJliiBrj'  rUrnft  tuba 
la  to  its  efficiency.    Dunne  Ihia  Iri^  the  witer.inpi 
le  ft  conuuiE  rumbUng  or  KiuomiiiE  sound,  whether 
d  etUiouaiy  by  Ihe  bnke. 
)w  tor  one  mill m.-.    Mulliply  revolutions  by  IS.    Jn 


IleaU 

W>..lght 

1U-.V  pe 

lla»e 

-^■bW 

Per 

175 

OOO 

wo 

^^y^f;' 

ij'ii 

!U3 

■aum 

.7853 

"    ;;     

2329.89 

The  Rveitieo  cffidency  from  halt  [o 
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New  American  Wheel. 


mt  of  th«  wheel  after  lU^U;  nduidDg  lifl  diuncU 
d  the  curb  during  the  brnwr  crUL  Xi  mxv  be  mh 
pite  efficieoc;  U  the  elpenK  of  thut  of  the  put  i 


I,  thk  dunge  rklied  tJu 
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uie.    M 
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^'tS 
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«M 
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SO-tnch  Whrrl. 
ic  game  wbeel  after  chunfflne  the  fioring  for  t  Blr^gbt  dn(t  tnbe. 
ningi  were  the  Bsme  Ihroiigh  (he  Ihrec  Irlili.  Tbe  101  locliet  si 
i.?»n«IheeitrpiiieswiHgof  gile, the  openings  »t  outer  end  of  chutei 
et  onlv ;  but  Ibe  gale  had  lo  moie  the  diBlanee  imnerj  to  tle«r  the 
bo  nvernges  are   found  b;  adding  the  OiiitJ  tcili  of  each  trial 
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Experiments  irith  Gews* 


aed,  the  uruveta^nt  of  jku^ 


of  setr*  umed  on  ptctIods  pun 


Htid 

Wright 

^7.r 

Power 

CbiQ 

Feet 

& 

18  10 

210 

SflJ6 

ITM 

sezst 

18.03 

3O0 

aso.i 

iO.BG 

929.02 

.««28 

Ten  of  nboTe  Duned  in 

■ngeme 

ntofee. 

rMhege«™  being  wdlo 

ed. 

11.14 

&2i 

17»,5 

K-M 

T08.7I 

□enC  of  geari  taken  ktcti]  dayi  liter. 


perfectly  free  and  ven  i 


esf,  the  teeth  nflh 


ie  together,  thoogb 


free  Mdvere  comctlr  placed  Hccordlng  lo  the  opinion  of  eiperltiii 
Thej  wore  Mpuloa  about  1-10  in.  more,  then  gave  the  results  1 


3S6 
EzperimeBte  with  Gears. 


Tot*  made  far  tbe  fiurtn-ie  of  ucerli 


throneh  (re«r».    TomikeiL , .  ..^.^ 

end  rf  »  horiiontal  Bbaft,  repreientiiiB  '■Jaiik  Shaft,"  the  other  end  being  co 
Bcewd to  Ihe  turMne  shBdin  the  UBHsJiisybj bevel  geirs.    "" ■-- 


limit,  ot 


Md.    Other  gear  mikere  were  applied  lo  t 


Id  bye. 


boxeiwupronai 
or  tbe  kind  rum 

eumins  tfacEr  ponitinll  uid  conditian.  during  theee  experimenls  the  lArgest 
eear,  wbieh  bid  46  teeth,  wu  used  upon  the  ti^rbine  than  u  crown  Ke»r,  v^ile 

logs  were  kept  well  oiled,  biil.  M  it  ia  a  oommaa  idea  with  gear  makers  Ihat 
the  teeth  of  gears  ro'f  logither  eo  that  they  work  just  ns  ea<y  when  dry  a* 
vbea  well  Inbrjcated,  tbe  first  trial  «.-iS  made  with  dr;  gcare.    Tbe  Ubts  beloir 


Data  below  fOro 

ne  minu 

e.    M..ltiply  rev 

lutions  by  10. 

Head 

Weight 

mim?," 

Horse 
Po*er 

Fee't" 

Per 

Cent 

nw 

ISO 

487 .6 

2214 

1012  14 

8M9 

K.:s 

T. 

tthr 

ugh  same  g 

ears,  tbe 

gears  be 

ng  thor 

ughly  1 

bricaled. 

S.Ol 
8-01 

170 

ss't* 

m'M 

Usoa 
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Ex^rimente  with  Gears. 


TeitoT  g«ui  eoDtlnaeil,  b  secand 
ao9  amngcDunc  deKribed  on  foreeoiog  pus*-     This  shin,  rsprt*      ._„ 
nuin  line  of  ihaftiuK  tbrough  a  null.  »u  connected  la  the  ■'  Juk  Shift "  uj  . 

Kiirot  ipar  bcu-s— Che  large  one,  about  ^  iucbei  dUmetcr,  lllnchti  pltcb.  S- 
tcb  fH»,  ha^iw  4lt  teeth,  was  secured  upon  Ibe  secoud  horlioDtal  ibaft  or  main 
line,  and  wai  drittn  br  a  rear  on  "Jack  Sbaft,"  lame  fiwe  and  pitch  a>  tbs 
■boie,  and  about  lU  inobeB  diameUr,  baTing  30  teelh.  The  brake  wai  placed 
npDn  the  endorHecond  line,  ihe  power  of  wheel  being  tianimitted  tbrauj:b  the 
two  pain  of  gears,  aa  repreaenled  above. 

Data  below  for  one  minute.    Mulliplj  revolutions  b;  10. 
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ErperimeDto  wlfli  CtottS. 


o  the 


CondDiuttaD  of  the  comUned  BpnT  utdbeTtlgeBrexperimeiu*. 

hori»^. 

^  CDOtiaued 

.    MnlUplj  revolnliOM  hj 


— loged,  (he  one  biTliu  4B  teedi  being:  placed  _, — 

Shift"  iQd  warbing  into  Ihe  one  hsTing  SO  teeth  od  lecond  horiioiiUl 
which  the  brake  irei  plitced— the  irntH  berel  gsu  b«i 
feu  ihrougli  ill  then  teni. 

Dui  below  lot  one  m 


HsHl 

WeiBhC 

minute 

Pevper 

Cuble 
Feel 

"ST 

ITM 

210 

810 

15M 

•72  8; 

7T2I 

ii.a« 

210 

«L0O 

Belt  Experiments. 


To  prepm  for  tbe  eiptrimanU  to  determine  (he  loss  of  pon-er  lu  Iransmliiiaa 
throDgfa  belu,  the  wheel  nas  rained  in  flame  sulBdently  to  bi-ing  top  of  sh^ 
■boTe  upper  betulng,  to  gife  room  for  placing  *  80-incb  pullej-  Ihereoo;  Ihii 
vtu  done  by  idding  (Qother  10-inch  platform  to  the  lint. 

The  wheel  itself  <FU<  ant  tested  hy  placing  the  ti rake  on  the  wlieel  shaft  in  the 


Uienlhf 

(be  candlttaiu,  howei 


mide  lu  the  eonditJan 


placed  cootidetablj  abUTe  the  Hoar  of  the  Aume  fa 
e,  lad  the  difiereace  in  the  head  probiblr  effected  it. 
'er,  continued  the  same  tbtough  the  belt  teslo. 


Wheel  Test. 

DUa  below  for  one  minute.    MulUpl;  revolutions  of  wheel  by  10. 
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<2iurter-Tiini  Belt. 


Wluil*  tuBgOi  of  belt,  M  fteU 
w  Ait  one  mlnDte.     Idoltlplj  reTolatloiu  by  19. 
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Quarter-Twist  Belt. 


fuUefft  80  ineh€t  in  diarmter;  8-kich  face. 


.  ELEVATION 


Whole  length  of  belt,  about  86  feet. 


Gate  Opened 

Head 

Weight 

Rev  per 
minute 

Horde 
Power 

Cubic 
Feet 

Per 

Cent 

Whole  Gale 

12.13 

100 

349.6 

10.59 

724.86 

.6876 

»•         (• 

12.00 

125 

319.5 

12.10 

761.71 

.7009 

••         « 

11.98 

135 

305 

12.47 

767.73 

.7177 

•*         «« 

11.96 

145 

295 

12.96 

775.73 

.7396 

«i         f< 

11.95 

155 

281.5 

13.22 

782.00 

.7480 

4*                l« 

11.94 

165 

26» 

13.40 

788.54 

.7584 

*•                **              •       . 

11.95 

175 

252 

t3.80 

788.54 

.7521 
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Open  Belt. 


Whole  lengrth  of  this  belt  about  36  feet. 
Data  for  one  minute.     Multiply  reyolutions  by  10. 


Gate  Opened 

Head 

Weight 

Bey  per 
minute 

Horse 
Power 

Cubic 
Feet 

Per 

Cent 

Whole  flato 

12.28 

ISO 

324.2 

14  73 

769.49 

.8258 

(<        (t 

12.11 

175 

286.2 

15.17 

785.11 

.8447 

it               •! 

12.05 

190 

260.5 

14.99 

789.81 

.8359 

4  4                 $» 

11.99 

180 

273.5 

14.92 

788.24 

.8350 

•  1               !• 

11.98 
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:^1.5 

14.66 

788.24 
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4t               <4 

11.97 

170 

273.6 

14.08 

780.36 

.7980 

%t              C  • 

11.96 

16.^) 
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14.47 

788.24 
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Cross  Belt. 


Pulleys  the  same  and  in  the  same  position  as  when  tried  with  open  belt. 


Gate  Opened 
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Whole  Gate 
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251.5 
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13.71 
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774.17 
778.86 
783.54 
788.24 
760.48 


Per 
Cent 
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.7891 
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PHENOMENAL    TURBINES, 

It  is  here  necessary  to  utter  a  caution  against  the  selection  of 
a  turbine  from  any  make  because  one  of  the  kind  has  been  reported 
as  giving  remarkable  results.     Mr.  Boyden  reported  in  an  excep- 
tional case  high  efficiency,  yet  the  builders  of  that  wheel  refuse  to 
guarantee  above  75  per  cent. ;  and  tests  prove  many  of  them  to  be 
below  that.     Stevenson's  wheel  was  reported  above  90  per  cent,  at 
the  Birkinbine,  Philadelphia,  tests ;  yet  it  would  now  be  difficult 
to  find  a  Stevenson  wheel  in  use.     The  Risdon,  reported  so  high  at 
the  Centennial  tests,  is  little  talked  of  now.     The  Hercules,  reported 
as  giving  the  highest  average  results  ever  obtained  from  a  turbine, 
often  g^ves  less,  though  remarkably  efficient,  if  care  is  used  in  the 
selection,  as  may  be  seen  by  the  results  obtained  in  the  trials  here 
reported.     The  first  Wolf  wheel  tested  gave  it  a  reputation  that 
was  soon  lost  by  subsequent  tests  of  other,  and  particularly  larger 
wheels.    The  same  is  true  of  the  Walsh.     As  to  the  small  Victor 
reported  in  connection  with  the  gear,  belt  and  draft  tube  experiments, 
probably  not  one  in  a  thousand  of  that  make  would  repeat  those  re- 
sults.    Two  of  the  same  size  since  tested,  under  the  same  conditions, 
sent  to  fill  orders,  did  not  reach  80  per  cent,  in  either  case.     At  whole 
gate  the  Victor  stands  unequaled  in  efficiency,  but  care  is  neces- 
sary in  selection  with  that  as  with  any  other  make  of  turbine,  and 
particularly  in  the    selection  of  the  larger  sizes  which  have  not 
proved  so  efficient  as  the  smaller  ones. 

Caution  is  also  necessary  in  the  consideration  of  the  *'part  gate  '* 
claims,  published  in  circulars.  It  can  be  a  matter  of  little  impor- 
tance to  mill  owners  whether  the  gate  is  one-fourth,  one-half,  three- 
fourths  or  wholly  opened,  if  the  same  quantity  of  water  is  dis- 
charged in  either  case.  Many  of  the  turbine  gates  may  be  closed 
one-half  without  diminishing  the  discharge  materially.  The  gate 
of  a  36-inch  Swain  turbine  raised  four  inches  as  its  maximum.  With 
one  inch  of  that  opening,  it  discharged  three-fifths  of  the  whole 
quantity.  In  a  circular  before  me,  the  builder  states  that  his  wheel 
gives  70  per  cent,  at  three-eighths  gate.  The  report  of  the  test  is 
published  therewith.  The  whole-gate  discharge  is  2300  cubic  feet 
per  minute,  while  the  discharge  at  his  three-eighths  gate  is  over 
1600  cubic  feet  per  minute. 
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DANIEL'S  VISION  OF  THE  FOUB  BEASTS. 
DAsiEL  vn.  3. 


And  four  great  beasts  came  up  fioM  tb«  sea,  dlrerae  one  from  another. 
"  vice  ia  a  roonscer  ot  eo  trigliirul  mien, 

Yec  seen  too  oft,  familiar  wUti  Ser  ^ae«, 
We  first  endure,  then  pity,  then  embrace." 

And  to  prevent  snch  familiarity  the  Bible  should  be  banished  from  oi 
scUoola. 

Holbein's  Bible  Uluatratlons  so  much  admired  In  the  siiteenth  cenlurj-  thi 
they  were  painted  upon  the  walls  of  bulldlnes  of  Ute  9l~-"  ■  "  -"  «>.!>.» 
lo^y  our  clerical  Pandarus.  Anthony  ~ 
arrested  for  obscenity  and  profanity, 

Ex|)nlelon,  Jewish,  and  Puritan  Ideal  ol  v..t  v..;-™.,  n.^-  ^^.j  ..n.i.u.uv.i;. 
are  from  that  loTCly  nork  and  are  published  as  the  readiest  means  of  display- 
ing tlie  cream  of  Bible  ideal.  If  we  should  hearof"  Times,  times,  and  a  half 
tlmes,'^  from  an  author  ttMlay,  we  should  look  upon  it  as  the  maudlin  ntter- 
1  such  visions  ae  the  alrove  or  the  beast 
I  of  Revelations  as  the  effect  ol  nightmare 


Tbe  Bible  represents  the  opinions  of  the  writers  of  lis  times  and  fc  as  much 
out  of  place  lu-<lav  In  family  or  school  as  would  be  the  writings  of  ApuJetus, 
Boccaccio,  Rabelais,  Fielding,  or  Smollett,  yet  either  may  be  very  nIflfDl  to 
tlie  atadent.  Blind,  Ignorant  prejudice  and  idolatry  only  can  account  for  the 
coDtinoance  of  the  former  in  schools ;  the  woman  that  reads  the  passages 
Illustrated  (by  no  means  the  worst  that  pan  be  found  therein),  and  then  desires 
its  cnntlnueiluse  aa  the  word  of  God,  must  be  a  human  monstrosity  and  cer- 
tainly until  fur  uiiillierhood ;  but  she  presents  a  terrible  example  of  the  effect 
of  early  inslmctioD  In  rellgiooa  supetsticion. 
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THE  POPE  OB  GOD. 


THE  MAHOKETAN'8  IDEAL  HEBEAFTEB. 


reflection  causes  the  thought  to  arise  that  If  supplied  as  llbeFally  Ij 
aaint  as  inillcaleil  by  the  illustration,  he  would  soon  regret  his  suec 
traveling  tbe  hair  bridge  and  wish  that  he  had  taken  np  his  abode  vi 
mote  open  oountenances  lepieseuMd  In  tha  oOier  place. 
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Hr.  POSTMASTER  GENEBiX: 

If  eapionftge  and  discrimination  are  to  be  practiced  at  all,  is 
this  a  proper  book  to  be  carried  in  the  mails? 


If  so,  then  please  define  whei-e  sacred  license  ends  and  profane 
obtcenity  begins, 

OH,  YE  HOIiT  HYPOCRITES, 

that  shriek  so  loudly  for  suppression  of  the  Louisiana  Lottery 
and  effovtJi  of  the  inasses  for  freedom  from  your  cruel  bondage  ; 
yet  smile  so  benignly  upon  eliiirch  fair$,  bucket  shops,  dealings 
•"  "futures,"  "corners  "in  the  necessaries  of  life,  "  tariff  for 
rich,"'! coal  combines,"  etc., etc. 
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"  The  Bible." 

My  mother,  like  most  New  England  mothers  of  her  time,  firmly 
believed  in  the  infallibility  of  the  Bible  and  insisted  that  her  children 
should  study  its  contents,  so  that  its  stories  from  my  earliest  child- 
hood have  been  familiar  to  me,  for  T  cannot  remember  back  when 
I  could  not  read  any  story  that  I  could  get  hold  of.  I  can  well  re- 
member how  the  story  of  "  Susanna  and  the  Elders"  was  given  to 
me  to  read  as  a  reward  for  some  slight  assistance  in  her  many 
duties,  the  dear  soul  not  thinking  that  the  unbiased  mind  of  a  child 
might  see  the  rascality  of  the  priest  as  well  as  the  smartness  of  the 
Daniel. 

The  reliability  of  the  Bible  stories  have  often  been  fiercely  dis- 
puted in  my  hearing,  yet  without  causing  me  to  think  the  authors 
guilty  of  intentional  niisreijresentation,  but  I  do  believe  that  through 
ignorance  or  fraudulent  piety  what  were  beautiful  allegories  have 
been  given  meanings  very  different  from  their  original  purposes. 

Allegory  has  ever  been  cominou  with  primitive  people.  Many 
beautiful  ones  have  been  handed  down  through  Homer,  Hesiod,  and 
others,  not  as  original  with  them  or  their  times  but  as  fragmentary 
traditions  of  a  much  earlier  people,  so  probably  of  the  Bible  stories. 

It  was  common  with  the  writers  of  Plato's  time  to  commence  a 
story  with  '*  Away  back  in  the  dark  ages."  Many  of  those  writers 
mention  dates  of  ten  to  twenty  thousand  years  previous,  and  in  the 
works  of  one  I  cannot  recall  it  is  stated  that  the  Babylonians  claim 
to  have  authentic  records  reaching  back  four  hundred  and  seventy 
thousand  years,  certainly  sufficient  time  for  the  production  of 
myths. 

We  have  stories  of  the  Cyclops,  Polyphemus,  Perseus,  and 
Andromeda,  Penelope,  ^^neas,  Anchises,  the  beautiful  story  by 
Apuleius  of  Psyche,  her  envious  sisters,  Cupid  and  his  mother 
Venus,  and  a  thousand  others  all  coeval  with  the  Bible  myths  and 
quite  likely  different  versions  from  the  same  originals. 

It  is  not  difficult  for  a  person  of  ordinary  imagination  to  perceive 
how  easy  it  would  be  to  construct  an  allegory  from  the  meaning  of 
the  names  of  individuals  as  given  in  the  appendix  of  all  complete 
editions  of  the  Bible.  "  David  dancing  naked  before  the  Lord,"  as 
there  explained,  can  hardly  be  looked  upon  as  a  kingly  performance, 
but  allegorically  it  might  mean  much ;  so  of  Jonah  and  the  fish 
story,  Samson  and  Delilah,  etc. 

It  is  my  sincere  belief  tliat  if  we  could  have  the  true  meaning  of 
the  Bible  stories,  we  should  at  least  have  common  sense  and  often 
very  applicable  parables,  instead  of  which  tliey  have  been  so  dis- 
torted that  only  fanaticism  can  make  their  application  percepti- 
ble. For  instance  to  pretend  that  the  salacious  rhapsodies  of 
Solomon's  songs  refer  to  the  hwe  of  the  C'hurch  for  Christ,  puts  the 
love  of  the  Church  on  a  very  low  plane  to  say  the  least,  and  makes 
a  large  draft  upon  the  credulity  of  the  unbiased  mind  and  certainly 
is  expecting  too  much  to  suppose  that  children  uninstructed  will  ever 
look  upon  such  reading  in  that  way.  The  allegory  of  the  Witch  of 
Endor  as  given  by  W.  H.  C,  coincides  so  entirely  with  my  idea  of 
Bible  stories,  that  I  herewith  give  it  space. 
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THE  WITCH  OF  MDOB. 

The  definitions  of  words  as  understood  by  the  ancients  is  necestoiy  to  be 
learned  before  it  is  possible  to  understand  this  beautiful  allegory. 

"  Saul/'  in  the  Hebrew,  means  death,  or  hell,  or  the  grave,  or  winter,  or 
demanded,  or  sepulcher,  or  lent,  or  ditch ;  for  every  noun  and  verb  in  that 
jargon,  erroneously  called  a  "language,"  had  a  great  variety  of  significations, 
often  self -contradictory.    Winter  was  the  beggar,  the  asker,  the  receiver. 

"  David  "  means  the  lover,  the  beloved,  the  giver,  the  summer,  etc. 

"  Samuel "  means  heard  of  God,  or  asked  of  Grod,  or  earth  at  the  vernal 
equinox,  where  Samuel  died  and  was  buried,  where  the  Jewish  ecclesiastic 
year  always  began  and  does  to  this  day,  the  civil  year  beginning  at  the  au- 
tumnal equinox. 

"  Endor  "  means  fount  of  the  dwelling  place,  or  the  last  summer  constel- 
lation, or  Virgo,  the  virgin. 

Winter  ended  at  the  vernal  equinox,  and  it  was  there  that  sununer  began. 
Saul,  or  winter,  arrives  there  and  finds  David  with  the  Philistines  (those  that 
dwell  in  villages,  or  summer  constellations)  gathered  to  meet  him,  "  and  he 
was  afraid."  He  wanted  a  fortune  teller  to  advise  him,  but  he  had  "  put 
away  those  that  had  familiar  spirits,  and  the  wizards,  out  of  the  land." 
That  is,  Virgo  had  set  the  previous  year,  just  as  Aries,  the  harbinger  of 
summer,  rose  in  the  east  with  the  sun.  But  now,  at  the  vernal  equinox, 
where  winter  must  end,  Virgo  was  visible ;  for  the-  first  point  of  this  con- 
stellation is  distant  from  Aries  150  and  the  last  point  180  degrees. 

"  Saul  disguised  himself."  This  is  a  very  pretty  conception  on  the  part 
of  the  author,  for  winter  moderates  as  the  sun  approaches  the  vernal 
equinox,  about  March  21,  and  is  not  at  all  like  the  winter  in  January.  So  it 
is  no  wonder  the  old  woman  of  Endor  did  not  know  him.  But  when  Aries 
rose  with  the  sun  she  knew  the  end  of  winter  was  at  hand ;  that  is,  knew 
Saul,  which  means  the  five  winter  months,  or  the  brethren  of  the  rich  man 
in  hell.  Saul  asked  her  what  she  saw,  and  she  replied :  "  I  saw  gods  [Elohim 
in  the  Hebrew,  and  the  very  word  which  is  translated  God,  as  the  God  of  the 
Bible]  ascending  out  of  the  earth." 

At  the  vernal  equinox  the  sun  enters  Aries,  and  the  two  together,  sun  and 
Aries,  are  Elohim  in  the  plural  number,  or  "  gods,"  for  imt  added  to  the 
singular,  forms  the  plural  in  Hebrew ;  thus  eJieruby  a  bull ;  chertUnmf  bulls. 
Therefore,  as  Virgo  was  setting  in  the  west  she  saw  the  "  gods,"  sun  and 
Aries,  rising  out  of  the  earth,  or  Ramah,  where  Samuel  was  buried. 

During  winter  the  earth  may  be  said  to  be  "  dead,"  but  is  revived  at  each 
coming  spring. 

So  Virgo  raised  Samuel  from  the  dead,  for,  as  she  sets  in  the  west,  up 
comes  the  sun  and  Aries  in  the  east,  the  signal  for  the  death  of  Saul,  or  end 
of  winter.  Saul  complained  to  Samuel  that  the  Lord  had  departed  from 
him ;  that  is,  the  cold,  the  spirit  of  winter ;  even  Jack  Frost  would  not 
answer  when  he  called.  The  earth  in  spring  putting  on  her  beautiful 
garments  of  green,  now  informs  winter  that  its  last  hour  is  at  hand.  Once 
more  the  battle  has  been  fought  between  heat  and  cold,  light  and  darkness, 
and  once  more  cold  and  darkness  have  been  conquered. 

"  Then  Saul  fell  straightway  all  along  on  the  earth,  and  was  sore  afraid 
because  of  the  words  of  Samuel ;  and  there  was  no  strength  in  him  [of  course 
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not,  for  cold  is  the  strength  of  winter] ;  for  he  had  eaten  no  bread  all  thd 
day,  nor  aU  the  night."  I.  Sam.  xxviii.,  20. 

The  supply  of  provisions  for  the  winter  was  often  exhausted  before  the 
sun  reached  Pisces,  the  fishes,  when  the  people  lived  on  fish  for  just  forty 
days  before  the  sun  reached  the  vernal  equinox,  or  Aries,  the  "  Lamb  of 
God  that  takes  away  the  sins  of  the  world";  not  the  sins  of  the  people: 
but  the  evils  of  winter.  Here  was  the  origin  of  Lent,  or  abstaining  from 
meat  and  living  on  flsh. 

All  the  ancient  mythologies  abound  with  allegories  descriptive  of  the 
changes  from  summer  to  winter,  and  winter  to  summer.  Vishnu  had  a 
thousand  names,  and  it  may  be  suuuuer  and  winter  had  equally  as  many ; 
but  whether  more  or  less,  the  prominent  idea  seemed  to  be  that  all  those 
names  for  summer  meant  heat  and  light,  while  those  for  winter  meant  cold 
and  darkness.  Twice  each  year  these  opposing  elements  made  war  upon 
each  other,  the  decisive  battles  being  fought  at  the  two  equinoxes.  Light 
always  conquered  at  the  vernal  equinox,  only  to  be  defeated  by  darkness 
six  months  later  at  the  autumnal  equinox.  "  More  light ! "  was  the  agonized 
cry  of  those  in  the  bonds  of  darkness,  or  "outer  darkness,"  weeping  and 
gnashing  their  teeth  because  they  had  no  food  to  gnash.  True,  the  sun  is 
darkened  during  winter  by  reason  of  the  clouds  and  storms,  but  its  "  Are  is 
never  quenched,"  and  the  lire  of  the  sun  is  the  only  fire  that  lime  does  not 
quench. 

Samuel  anointed  Saul  king  of  winter,  well  knowing  that  Saul  would  be 
dethroned  by  the  king  of  summer  when  the  sun  reached  the  spring  equinox. 
David,  a  mere  youth,  was  chosen  king  of  summer.  He  was  sent  to  Saul  on 
an  ass  (the  sun  while  transiting  through  Cancer,  a  summer  constellation, 
passes  the  two  asses,  "whereon  no  man  ever  sat").  Leaving  Cancer,  the 
sun  transits  through  Leo,  the  lion  (Hercules),  passing  a  conjunction  of  Ursa 
Major,  the  bear,  when  both  the  lion  and  the  bear  are  invisible,  being 
metaphorically  slain.  Davi<i  boasts  of  these  victories,  and  prepares  to  meet 
Goliath  (passage,  revolution,  heap,  discovery),  the  spirit  of  summer,  which 
can  be  "  laid  "  only  by  winter.  Therefore,  he  takes  "  five  smooth  stones," 
symbolical  of  the  five  winter  months,  from  the  brook,  or  by  metonymy,  the 
zodiac,  and  kills  this  giant. 

Saul  was  so  delighted  with  the  valor  of  the  beardless  youth  (the  crops 
were  not  yet  ready  for  harvest)  that  he  gave  him  his  daughter. 

This  is  very  ingenious,  depicting  the  strategies  of  war.  David  plays  the 
courtier  to  Saul,  yet  means  to  overcome  him  in  the  end ;  Saul  professes  to 
love  David,  but  is  jealous  of  him,  and  gave  him  Michal  (complete)  as  a 
snare ;  that  is,  leaving  Leo,  the  sun  comes  to  Virgo,  which  "  completes  "  the 
summer.  Not  much  gift  about  it,  however,  for  Virgo  was  a  sununer  con- 
stellation and  belonged  to  David,  king  of  summer.  The  strife  between  Saul 
and  David  was  descriptive  of  the  struggle  between  cold  and  heat.  David 
is  conquered  when  the  sun  leaves  Virgo,  and  must  now  flee  before  Saul  till 
the  end  of  winter,  when  Saul  falls  "  all  along  on  the  earth." 

W.  H.  C. 


ralm.eeoneleforel  eet  lell  painwd  n 

,  Brotlier  Biiltnn,  old  uhestnuts  aregtale- 
ijionah  a  few  liKS  about  Spirituallam  will 
tL  our  hearers  and  the  Ignorant  gBDerallj, 


377 


CHRISTIANITY. 

Where  and  when  this  atrocious  delusion  originated  God  alone  knows;  bat 
certainly  far  back  in  tiie  days  of  superstition  when  man  made  his  God  in  his 
own  image  aiid'  was  not  likely  to  make  him  of  a  high  standard ;  yet  it  is  hard  to 
cofnceive  of  the  natural  man  creating  a  God  who  would  find  it  necessary  to 
repair  his  own  blunder  by  the  murder  of  his  son.  llie  idea  is  so  abhorrent  and 
cmnatural  that  it  is  only  continued  by  debasins  the  minds  of  children  in  their 
earliest  infancy  with  its  inhumanity.  That  the  most  of  the  ideas  were  com- 
mon in  India  a  thousand  years  before  their  recorded  promulgation  in  Pales- 
tine is  well  known;  that  the  Jesus  of  Nazareth  was  a  myth  or  a  man  matters 
little;  as  a  God  he  was  certainly  a  failure,  for  there  is  no  recorded  evidence 
of  his  superiority  to  what  any  real  good  man  ought  to  be^  while  many  of  his 
represented  sayings  and  acts  would  be  objected  to  by  all  right  minded  persons. 

What  the  human  race  has  suffered,  and  still  continues  to  suffer,  in  oonse- 
qaen.ce  of  the  old  time  preaching  of  cruel  hell  fire  and  brimstone  terrors,  it 
will  never  be  possible  to  compute.  The  deep  and  lasting  injuries  wrought  by 
the  relentlessly  steady  inculcation  of  these  most  woful  of  dogmas  can  never 
be  compensated  for  in  untold  generations.  Think  of  the  murderous  wars  be- 
tween different  people;  of  the  reckless  dismemberment  of  empires;  of  the 
barbarous  sacrifice  of  innocent  and  unoffending  lives;  and,  not  least  of  all.  of 
the  insanity  caused  by  these  events  and  the  tenets  that  were  their  undeniable 
cause;  and  th4n  say,  if  it  be  possible,  that  the  world  has  in  the  whole  course 
of  its  experience  undergone  jsqual  paroxysms  of  torture  and  wretchedness 
from  any  other  cause,  or  because  of  any  combination  of  circumstances  what- 
ever. 

Tertullian  (A.  D.  200)  held  that  the  **  Books  of  Moses  '*  were  '*  not  only  all 
truth,  but  that  all  truth  was  contained  in  them.'*  Consequently  every  at- 
tempt to  promulgate  knowledge  was  met  by  horrible  persecution.  Cyril's 
mob— of  mai\v  monks— seized  Hypatia  and  dragged  her  from  her  carriage  one 
morning,  as  sne  was  riding  to  her  academy,  stripped  her  of  her  clothing,  then 
cut  her  body  into  pieces,  scraped  the  flesh  from  her  bones  with  shells,  and 
burned  her,  piecemeal. 

In  529  the  Christian  emperor  Justinian  suppressed  the  schools  of  philosophy 
of  Athens,  and  the  night  of  "  the  dark  ages  ^'  closed  down  on  what  was  then 
known  as  the  Christian  world;  the  ni^ht  of  a  thousand  years,  in  which  the 
church  ruled  both  temporally  and  spiritually;  a  church  that  claims  to  be  the 
light  of  the  world;  and  yet  this  peri<Kl  was  the  darkest  that  history  has  known. 

Think  of  Copernicus,  Giordano  Bruno,  Savonarola,  Servetus,  Joan  of  Arc, 
and  thousands  of  other  victims  of  the  damnable  delusion.  Think  of  the 
Inquisition  and  how  quick  it  would  be  re-established  could  either  the  Roman 
Catholic  or  Calvinist  have  complete  control.  Think  of  the  thirty-five  thou- 
sand diseased  natives  of  the  Sandwich  islands,  all  that  remain  of  the  four  hun- 
dred thousand  after  being  subjected  to  the  Christianizing  process  named 
below.  '*A  steamer  recently  left  her  European  port  for  the  Congo  country, 
now  exeiting  such  unmeasured  sympathy  on  account  of  its  paganism  and 
want  of  modesty  in  dress,  with  a  cargo  of  60^000  gallons  of  rum,  720  gallons  of 
gin.  460  tons  of  gunpowder,  and  twelve  missionaries! " 

For  fifteen  hundred  years  Christianity  has  held  undisputed  sway,  and  to-day 
erery  man  is  looked  upon  as  a  thief.  Corruption  in  our  government  is  openly 
talked  of,  free  passes  are  readily  accepted  by  our  legislators  who  well  know 
at  the  time  that  much  of  the  legislation  will  be  relative  to  the  business  of 
those  from  whom  the  passes  are  received.  A  car  conductor  is  not  allowed  to 
take  a  five  cent  ticket  unless  tied  to  a  bell  punch;  a  clerk  in  a  store  must  be 
checked  and  counter-checked;  if  you  ask  for  butter  you  get  grease ;  if  you  ask 
for  first  quality  cheese  you  receive  anything  but  that;  if  you  require  medicine 
it  is  adulterated;  if  you  vote,  you  miist  do  so  through  a  process  that  implies 
that  rascality  is  general;  in  snort,  that  society  is  rotten  to  the  core.  And  this 
state  of  athArs  exists,  say  the  shallow-minded,  because  there  is  not  enough  of 
Ghristiaulty  ;  an  assertion  easily  disproved  by  turning  to  the  description  of 
its  most  flourishing  days  as  described  by  Boccaccio,  Rabelais,  or  any  other 
early  writer. 

No  crime  or  wrong  can  be  named  that  has  not  been  tolerated  by  Chris- 
tianity. Whenever  ft  has  been  found  profitable,  lying  and  deception  have 
been  cardinal  principles.    An  age  that  could  have  produced  the  works  of 
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BerodotuB  mttst  have  had  contemporaneous  historians.  Why  were  theif 
works  destroyed;  did  tbey  tell  too  much  ? 

I  belieye  that  the  proselyting  Christian  of  to-day  is  a  far  more  injarions 
citizen  than  the  ram  seller,  because  he  begins  his  pernicious  work  with  the 
infancy  of  the  individual,  which  is  seldom  the  case  with  the  rum  seller.  The 
Yonng  Men's  Christian  Association  1  sincerely  believe  to  be  very  injurious  to 
the  intelligence  and  morals  of  the  world.  I  well  know  how  the  statem^it  will 
be  received,  but  it  will  keep  and  can  att'ord  to  wait. 

Constantine  is  called  the  first  Christian  emperor,  and  Henry  the  Eighth, 
without  much  straining  of  the  facts,  might  be  considered  the  last,  and  it 
would  be  difftcult  to  decide  which  of  the  two  was  the  greater  scoundrel;  but 
to  the  latter  much  of  our  religious  freedom  is  due,  which  proves  that  selfish- 
ness is  one  of  the  improving  powers  of  the  world,  yet  in  itself  is  not  admirable. 

Uolyoke  for  its  size  contains  probably  more  professing  Christians  and  dogs 
(no  reflection  upon  the  dogs)  than  anv  other  place  that  can  be  named,  yet  m 
no  other  place  have  I  ever  known  such  strenuous  efforts  to  be  made  to  prevent 
the  laboring  classes  from  procuring  homes  of  their  own.  And  no.w  in  all 
seriousness 

What  Good  Has  Christianitj  Erer  Done  i 

The  teachings,  nominally  of  Jesus  of  Nazareth,  were  like  those  of  our  Spirit- 
ualists of  to-day,  and  for  the  purpose  of  substituting  a  living  religion  for 
that  of  the  dead  belief  then  as  now  popular.  With  those  teachings  went  the 
inspirations  and  manifestations  now  so  common. 

"By  their  works  ye  shall  know  them."  The  works  referred  to  are  ignored 
by  all  of  our  popular  churches. 

Every  phase  of  mediumship  practiced  now,  was  practiced  then  by  the 
Christians,  and  now  by  the  pretended  Christians  ridiculed.  New  gospels 
were  produced  in  abundance  then  as  are  the  spiritual  wonders  now,  and  this 
continued  up  to  the  council  of  Nice,  and  the  organization  of  the  Christian 
Church,  when  inspiration  and  angel  visits  ceased  and  Christidhity  liice  a  dead 
world,  our  moon,  became  dead,  having  neither  life,  light,  nor  warmth  therein, 
but  instead  was  fitted  out  with  an  impossible  and  incomprehensible  God  of 
three  in  one,  the  idea  of  which  could  only  have  originated  from  the  ancient 
Phallic  worship  that  certainly  should  cause  any  modest,  intelligent  woman 
to  hesitate  before  'professing  a  belief  therein^  at  any  rate.  Miss  Abby  A. 
Judson,  born  in  India,  where  the  Phallic  worship  is  likely  to  be  understood, 
has  abandoned  the  religion  of  her  father,  the  once  well  known  missionary, 
Adoniram  Judson,  and  taken  up  with  Spiritualism  as  the  living  religion  of 
to-day. 

Can  an  instance  be  named  where  Christianity  has  made  a  people  better? 
The  victims  of  a  single  battle  field  have  exceeded  all  the  sacrificial  Yictims 
that  would  have  been  required  in  a  thousand  years.  Think  of  the  battles 
fought  to  prove  Christians  to  be  cannibals  and  vampires,  worse  in  fact,  for 
they  claim  to  eat  the  flesh  and  suck  the  blood  of  their  God. 

Is  the  Christian's  oath  in  court  or  his  note  in  bank  preferred  to  that  of  the 
unbeliever  ?  Is  he  a  better  neighbor  or  citizen?  Is  it  possible  that  a  noble 
mind  can  desire  to  benefit  through  the  sufferings  of  another  ?  Can  belief 
in  vicarious  atonement  produce  noble  people  ? 

Are  there  any  countries  upon  the  earth  where  such  strong  bank  vaults  are 
required  as  among  Christians,  or  where  crime  is  more  common  ? 

The  absurd  pretensions  of  exceptional  goodness  among  Christians  are  so 
patent  that,  were  it  not  for  the  perversion  of  the  minds  of  infants  and  the 
ignorant,  the  belief  would  die  out  in  a  generation.  That  its  creeds  and  dog- 
mas are  unbelieved  in  by  the  leaders  is  easy  to  demonstrate.  A  half  century 
since  the  judgment  day  and  its  near  approach  was  preached  by  all ;  Miller 
fixed  a  time  and  the  churches  at  once  scouted  the  whole  belief.  A  half 
century  since  a  belief  in  spirits  and  their  overlooking  our  actions  was  gen- 
erally latent  in  the  Christian  mind,  but  at  the  advent  of  the  Rochester 
knockings  in  practical  demonstration  of  the  belief  the  clergy  went  mad  in 
opposition. 

For  ages  evolution  has' been  the  principal  gun  of  the  belief,  namely,  that 
by  sniveling  and  professing  belief  in  the  saving  blood  of  Christ  the  most 
atrocious  murderer  would  instantly  evolute  from  the  gallows,  drop  to  a 
reserved  seat  at  the  right  hand  of  the  Father ;  but  the  moment  evmution 
was  taught  as  the  means  of  physical  progression,  a  howl  from  the  Christian 
leaders  at  once  went  forth,  m  protest. 
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1  believe  the  time  will  come  when  it  will  be  acknowledged  that  nine-tenths 
of  all  the  crime  and  suffering  of  mankind  is  due  to  what  are  called  the  three 
learned  professions,  and  efforts  of  those  professors  to  retain  the  control  of 
the  masses  for  personal  benefit,  regardless  of  the  benefit  of  humanity. 
Religion  and  medicine  are  now  on  the  defense,  the  jargon  called  "  the  law  " 
is  rotten  and  top-heavy,  and  bound  to  tumble.  The  human  body  is  the 
acme  of  mechanism,  offering  the  broadest  field  for  skill  as  a  mechanic  for 
the  ph3rBician.  The  empty  churches  so  much  wailed  about  are  not  so  much 
due  to  science  as  to  the  rule  or  ruin  policy  of  the  clergy  and  their  Parting- 
tonian  attempts  to  block  the  wheels  of  progress,  and  sensational  attempts 
of  materialistic  preachers  to  attract  notice.  If  Talmage  declaims  on  Mount 
Calvary,  Parkhurst  airs  his  Phallic  belief  in  a  brothel,  for  the  purpose  of 
notoriety ;  but  truth  requires  no  such  expedients  for  its  support,  and  it  m&\ 
fairly  be  questioned  whether  the  intelligent  readers  of  the  Parkhurst  repor : 
would  not  have  been  better  satisfied  with-  the  results  had  he  been  sent  to 
the  Island  to  keep  the  brothel-house  keeper  company,  and  whether  the  citv 
would  not  have  been  purer  for  so  doing. 


During  the  dozen  years  in  which  I  made  a  business  of  testing  turbines,  the 
gauees,  weights  and  revolutions  were  called  as  each  change  of  weight  was 
made.  These  were  recorded  at  the  time  by  an  assistant  in  a  book  made  up  of 
printed  blank  forms,  duplicates  of  which  were  copied  and  furnished  as  certifi- 
cate of  result  to  each  party  havinir  a  wheel  tested.  The  experiments  were  pub- 
lic, and  any  one  sufiiciently  interested  could  examine  gauges  to  make  sure  they 
were  correctly  called.  The  books  wore  subjected  to  rough  usage,  and  when  I 
gave  up  the  business,  thov  were  anything  but  ornamental ;  still,  they  contained 
a  complete  record  of  all  t)ie  te«t8  made,  and,  as  a  means  of  continuing  their  use- 
fulness, they  were  presented  to  the  Engineering  Department  of  Yale,  t^irough 
Prof.  Norton,  who  has  always  been  prompt  in  attendance  to  witness  any  exper- 
iments in  hydrodynamics  from  which  there  was  a  possibility  of  gaining  informa- 
tion likely  to  benefit  his  department. 


Sheffield  Scientific  School, 
New  Haven,  Nov.  30, 1880. 
Mr.  James  Emerson. 

Dear  Sir:  The  Governing  Board  of  the  Sheffield  Scientific  School,  composed 
of  the  Professors  of  the  School,  at  a  meeting  held  last  evening,  instructed  me  to 
convey  to  3'ou  their  thanks  for  your  very  acceptable  gift  of  three  volumes  of 
Notes  of  your  Experimental  Te'Sts  of  Turbines.  In  doing  this,  I  wish  to  add 
my  personal  thanks  in  consideration  of  the  advantage  I  shall  derive  from  them 
personally,  and  to  assure  you  that  they  will  undoubtedlv  prove  of  great  service 
to  the  Engineering  Department  of  the  School,  and  will  add  materially  to  its 
means  of  instruction  relative  to  hydraulic  motors.  They  have  been  deposited 
in  the  Library  of  the  Department,  and  will  be  held  for  ready  consultation  by  the 
students  in  eugineering. 

Very  truh'  yours, 

W.  A.  NORTON. 


Propellingr  Screws, 

Is  there  no  better  plan  than  the  one  so  conunon  with  government  engineers  of 
placing  the  screws  in  a  ship,  then  lashing  the  ship  to  a  wharf,  fire  up  and  run  the 
engines  day  after  day,  to  ascertain  how  fast  the  screws  can  be  driven,  and  how 
fast  the  ship  ought  to  run,  if  all  the  decimals  can  be  depended  upon ;  would  it 
be  better,  cheaper  and  far  more  decisive  to  take  a  screw,  place  it  in  a  h'ame  rep- 
resenting the  stem  of  a  ship,  but  with  firecdom  to  move  forward ;  from  the  afiier 
end  of  the  screw  have  a  weight  attached,  so  that  if  the  screw  move  forward  it 
would  have  to  raise  a  known  wei&rht,  then  by  belt  or  other  means,  using  a  dyna- 
mometer in  transmission,  drive  the  screw  to  any  speed  desired ;  by  such  means 
accuracy  could  be  attained,  and  the  most  perfect  screw  for  the  purpose  could  be 
found  at  comparatively  small  expense.  The  propeller  screw  partakes  too  much 
of  the  turbine  nature  to  allow  of  its  lines  being  positively  determined  by  mathe- 
matical calculations ;  at  least,  the  best  form  might  be  ascertained  with  perfect 
accuracy  in  the  manner  suggested  above. 
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AN  OHIO  IDEA. 

In  one  of  the  western  counties  of  Ohio  a  petiti(m  is  being  oircalated  asking 
QoYemor  Uoadley  to  pardon  a  young  man  sent  to  the  penitentiary  for  rol^ 
bing  a  prominent  Free  Thinker.  The  plea  is  that  he  should  not  have  been  con- 
Ticted  because  the  victim  is  a  "  wicked  and  perverse  infidel."  It  is  peculiarly 
«n  Ohio  idea  that  a  man  who  does  not  profess  religion  has  no  rights,  and  that  it 
is  an  act  of  Christian  charity  to  pick  his  pocket  or  set  fire  to  his  barn.  Prob- 
ably an  Ohio  office  holder  would  think  ft  a  virtue  to  steal  from  the  govern- 
ment on  the  same  principle. 

"  The  nearer  the  churoh  the  further  from  God,"  is  an  old  and  a  trite  sajring, 
but  ideas  are  chan^ng,  and  we  may  hope  for  improvement. 


TAXATION  OF  ALL  PROPERTY. 

If  taxation  is  right  at  all,  there  should  be  no  exception.  Church  property, 
usually  occupying  the  best  localities,  certainly  should  not  be  exempt,  nor 
should  owners  oiunlmproved  land,  contiguous  to  growing  cities  or  towns,  be 
allowed  to  continue  to  hold  such  land  at  a  mere  nominal  rate  of  taxation, 
while  others  are  ready  to  take  it  at  far  higher  valuation.  Let  every  owner 
be  his  own  assessor,  out  with  the  understanding  that  any  purchaser  may 
take  it  at  the  assessed  rate.  Of  course  some  provisions  may  be  made  to  pre- 
vent a  homestead  from  being  unjustly  taken. 

Let  all  property  be  without  the  protection  of  law  that  has  not  paid  for  such 
protection  by  its  taxation.    There  is  no  need  for  many  of  our  officials. 


PROHIBITION. 

There  is  an  old  saying  that  most  of  the  unhappiness  of  life  comes  to  us 
through  the  elforts  of  weak  but  well  meaning  persons  trying  to  direct  our 
lives  instead  of  causing  general  improvement  by  perfecting  their  own. 
Particularly  is  this  the  case  with  the  priestly  order,  and  has  been  so  from 
the  beginning  of  history.  The  Rev.  Mr.  Miner,  the  great  advocate  of  prohi> 
bition  m  this  state,  must  well  know  that  his  life  has  been  spent  in  indoctrinat- 
ing the  minds  of  his  hearers  with  a  superstition  that  cannot  be  sustained  l^ 
eVidence,  yet  he  is  ready  to  assume  the  Creator's  place  and  manage  mankind. 
I^ohibition  interferes  with  the  rights  of  all,  and  with  very  doubtful  effects. 
T%^o ffallons  of  liquor,  beer  included,  would  more  than  coverall  that  1  have 
ever  drank,  yet  I  do  not  believe  in  prohibition,  nor  would  I  vote  for  license, 
for  to  me  it  would  seem  wrong  to  dignify  a  disreputable  business  by  legal 
recognition ;  but  as  a  large  portion  of  crime,  poverty,  and  misery  is  caused  by 
the  traffic,  I  would  have  all  places  where  it  is  carried  on  taxed  at  such  a  rate 
that  tJie  owners  would  refuse  to  rent  for  the  purpose. 


Belt  Transmission. 


Of  all  guess  work,  there  is  none  more  unreliable  than  that  of  computing  the 
power  transmitted  by  the  width  of  belt.  First,  the  kind,  quality  and  condition 
of  the  belt  is  to  be  considered;  then  the  size,  distance  and  position  of  pulley ; 
whether  their  surfaces  are  wood,  metal,  or  covered  with  leather;  whether  one  is 
much  larger  than  the  other,  and  whether  the  belt  is  running  vertically,  horizon- 
tally, open  or  crossed;  or,  what  is  worse,  is  running  edge  up,  on  pulleys  on  ver- 
tical shafts;  whether  it  is  tight  or  loose ;  whether  it  is  made  of  leather  or  other 
material,  also  whether  single  or  double.  lu  testing  with  lever  dynanometer,  the 
speed  of  belt  is  determined.  A  single  leather  belt,  under  ordinary  conditions, 
running  1,000  feet  per  minute,  will  transmit  a  h.  p.  for  each  iuca  oi  width,  but 
the  matter  is  one  of  the  greatest  uucertaintv 
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"Weight  of  a  Cubic  foot  of  Pure  "Watep  at  Differ- 
ent Temperatures. 


Degrees. 

Weight. 

Degrees. 

Weight. 

Degrees. 

Weight. 

Degrees. 

Weight. 

32 

62.375 

45 

62.378 

59 

62.336 

73 

62.249 

33 

62.377 

46 

62.376 

60 

62.331 

74 

62.242 

34 

62.378 

47 

62  375 

61 

62.326 

75 

62.234 

35 

62.379 

48 

62.373 

62 

62.321 

76 

62.226 

36 

62.380 

49 

62.371 

63 

62.316 

77 

62.217 

37 

62.381 

50 

62.368 

64 

62.310 

78 

62.208 

38 

62.381 

51 

62.365 

65 

62.304 

79 

62. 199 

39C««*) 

62.382 

52 

62.363 

66 

62.298 

80 

62. 190 

39.38 

62.382 

53 

62.359 

67 

62.292 

81 

62.181 

40 

62.382 

54 

62.356 

68 

62.285 

82 

62.172 

41 

62.381 

55 

62.352 

69 

62.278 

83 

62. 162 

42 

62.381 

56 

62.349 

70 

62.272 

84 

62. 152 

43 

62.380 

57 

62.345 

71 

62.264 

85 

62.142 

44 

62.379 

58 

^2.340 

72 

62.257 

86 

62.132 

♦  »  • 


Table  of  Inches  and  Sixteenths  Reduced  to  Decimals 

n 
n 

"A 

H 

a 

CO 

of  a  Foot. 

0     i    1 

2 

3 

4: 

5 

6 

7 

S 

9 

10 

IX 

T-V! 

.000 

.083 

.167 

.250 

.333 

.417 

.500 

.583 

.667 

.750 

.833 

.917 

1^1 

.005 

.089 

.172 

.255 

.339 

.422 

.505 

.589 

.672 

.755 

.839 

.922 

A 

.010 

.094 

.177 

.260 

.344 

.427 

.510 

.594 

.677 

.760 

.844 

.927 

A 

.016 

.099 

.182 

.266 

.349 

.432 

.516 

.599 

.682 

.766 

.849 

.932 

A 

.021 

.104 

.187 

.271 

.354 

.437 

.521 

.604 

.687 

.771 

.854 

.937 

A 

.026 

.109 

193 

.276 

.359 

.443 

.".26 

.609 

.693 

.776 

.859  .943  II 

6 

.031 

.115 

.198 

.281 

.365 

.448 

.531 

.615 

.698 

.781 

.865 

.948 

tV 

.036 

.120 

.203 

.286 

.370 

.453 

.536 

.620 

.703 

.786 

.870 

.953 

tV 

.042 

.125 

.208 

.202 

.375 

.458 

.542 

625 

.708 

.792 

.875 

.958 

9 

.047 

.130 

.214 

297 

.380 

.464 

.547 

.630 

.714 

.797 

.880 

.964 

.052 

.135 

210 

802 

.385 

.469 

.552 

.635 

.719 

.802 

.885 

.969 

\\ 

.057 

.141 

.224 

307 

.391 

.474    557 

.641 

.724 

807 

.891 

.974 

\l 

.062 

.146 

.229 

312 

.396 

.479 

.562 

.646 

.729 

.812 

.896 

.979 

tl 

.068 

.151 

.234 

818 

.401 

484 

.568 

.651 

.734 

.818 

.901 

.984 

\\ 

.073 

.156 

240 

823 

.406 

.490 

.578 

.656 

.740 

.823 

.906 

.990 

H 

.078 

.161 

.24. 

828 

.411 

.495 

.578 

.661 

.745 

.828 

.911 

.995 
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The  Emerson  Weir  Tables, 

For  -weirs  with  end  contractions,  were  computed  for  me  by  Miss  Charla 
A.  Adams,  some  20,000  quantities ;  these  have  done  much  towards  reducing 
the  cost  of  water  wheel  tests  and  water  measurements,  at  the  same  time 
producing  far  greater  accuracy. 

These  were  computed  by  the  Francis  formula,  from  zero  up.  The  experi- 
ments upon  which  that  formula  was  prepared  were  not  extended  below  a 
depth  of  .500  of  a  foot,  but  it  is  often  necessary  to  use  it  at  a  much  less  depth ; 
and  experience  proves  it  to  be  sufficiently  accurate  for  all  practical  purposes. 

The  computations  are  per  minute.  If  the  weir  is  properly  constructed 
there  is  no  need  of  correction,  if  not  properly  constructed  a  correction  is 
mere  guess-work  or  conjecture. 

The  Francis  tables  for  the  one  foot  weir  are  calculated  for  weir  without 
contraction ;  consequently,  by  using  those  in  connection  with  the  others, 
by  adding  to  or  subtracting  from,  the  quantity  flowing  over  a  weir  of  any 
length  may  readily  be  found. 


Depth 

on 
Weir. 

SFcet. 

LENGTH  OF 

THE  WEIB. 

Feet. 

3  Feet.  4  Feet 

1 

6  Feet 

7  Feet 

8  Feet 

10  Feet 

12  Feet 

16  Feet 

20Feet 

.001 

.013 

.019 

.025 

.038 

.044 

.051 

.063 

.076 

.101 

.127 

.002 

.045 

.067 

.064 

.134 

.164 

.179 

.224 

.268 

.358 

.476 

.003 

.077 

.115 

.103 

.230 

.264 

.307 

.385 

.460 

.615 

.823 

.004 

.109 

.163 

.142 

.326 

.374 

.436 

.547 

.663 

.872 

1.171 

.005 

.141 

.212 

.281 

.424 

.494 

.665 

.709 

.847 

1.130 

1.410 

.006 

.194 

.289 

.384 

.542 

.674 

.775 

.966 

1.157 

1.543 

1.927 

.007 

.247 

.366 

.487 

.661 

.864 

.981 

1.223 

1.467 

1.956 

2.444 

.008 

.301 

.443 

.591 

.780 

1.034 

1.188 

1.481 

1.777 

2.369 

2.967 

.009 

.365 

.521 

.695 

.899 

1.214 

1.375 

1.739 

2.087 

2.782 

3.478 

.010 

.409 

.599 

.799 

1.018 

1.397 

1.698 

1.997 

2.397 

3.196 

3.616 

.011 

.46 

.74 

.93 

1.24 

1.87 

1.86 

2.33 

2.79 

3.71 

4.666 

.012 

.52 

.83 

1.06 

1.47 

2.10 

2.21 

2.67 

3.19 

4.22 

5.33 

.013 

.59 

.92 

1.19 

1.71 

2.34 

2.40 

3.01 

3.69 

4.74 

6.00 

.014 

.66 

1.01 

1.32 

1.95 

2.67 

2.67 

3.35 

3.99 

5.25 

6.67 

.015 

.73 

1.10 

1.46 

2.20 

2.84 

2.91 

3.69 

4.40 

5.87 

7.34 

.016 

.81 

1.21 

1.62 

2.43 

3.06 

3.26 

3.94 

4.87 

6.50 

8.13 

.017 

.89 

1.33 

1.78 

2.66 

3.28 

3.56 

4.46 

6.*4 

7.13 

8.92 

.018 

.97 

1.45 

1.94 

2.90 

3.50 

3.87 

4.84 

6.81 

7.76 

9.97 

.019 

1.05 

1.57 

2.10 

3.14 

3.72 

4.19 

6.24 

6.28 

8.40 

10.60 

.020 

1.13 

1.69 

2.27 

3.38 

3.95 

4.61 

5.64 

6.76 

9.04 

11.30 

.021 

1.22 

1.82 

2.44 

3.65 

4.26 

4.87 

6.09 

7.29 

9.75 

12.19 

.022 

1.31 

1.95 

2.61 

3.92 

4.67 

6.23 

6.54 

7.83 

10.47 

13.09 

.023 

1.40 

2.08 

2.78 

4.19 

4.88 

5.69 

6.99 

8.37 

11.19 

13.99 

.024 

1.49 

2.22 

2.95 

4.46 

5.20 

5.95 

7.44 

8.91 

11.91 

14.89 

.025 

1.58 

2.36 

3.12 

4.73 

6.52 

6.31 

7.89 

9.46 

12.63 

16.79 

.026 

1.67 

2.51 

3.32 

5.02 

6.86 

6.70 

8.38 

10.06 

13.42 

1H.78 

.027 

1.77 

2.66 

3.62 

5.32 

6.20 

7.10 

8.88 

10.66 

14.21 

17.77 

.028 

1.87 

2.81 

3.72 

5.62 

6.65 

7.50 

9.38 

11.26 

16.00 

18.76 

.029 

1.97 

^.96 

3.93 

5.92 

6.90 

7.90 

9.88 

11.86 

16.80 

19.75 

.030 

2.07 

3.11 

4.14 

6.22 

7.25 

8.30 

10.38 

12.46 

16.60 

20.76 

.031 

2.17 

3.27 

4.37 

6.52 

7.63 

8.74' 

10.91 

13.10 

17.46 

21.83 

.032 

2.28 

3.43 

4.60 

6.82 

8.01 

9.18 

11.45 

13.74 

18.32    22.91 

.033 

2.39 

3.59 

4.84 

7.13 

8.39 

9.62 

11.99 

14.39 

19.18    23.99 

.034 

2.50 

3.75 

5.08 

7.43 

8.77 

10.07, 

12.53 

16.04 

20.06    26.17 

.035 

2.61 

3.91 

6.22 

7.84 

9.15 

10.52 

13.07 

16.69 

20.92    26.15 

!           1 

}«4 
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Deplh 

on 
Wair.l 

LENGTH  OF  THE  WSIK. 

Fe«t 

2  Feet 

3  Feet. 

4  Feet. 

6  Feet 

7  Feet 

8  Feet 

10  Feet 

'  12  Feet 

16  Feet 

20  Feet 

.094 

11.41 

17.16 

22.92 

34.44 

40.21 

45.96 

57.48 

68.99 

92.03 

115.08 

.085 

11.68 

17.44 

23.29 

34.99 

40.85 

46.69 

58.39 

70.09 

93.49 

116.90 

.006 

11.76 

17.77 

23.66 

35.56 

41.50 

47.43 

59.32 

71.21 

«f%*cff7 

118.78 

.097 

11.94 

17.99 

24.03 

36.11 

42.15 

48.17 

60.26 

72.33 

96.47 

120.66 

.006 

12.18 

18.27 

24.40 

36.67 

42.80 

48.92 

61.18 

73.45 

97.96 

122.64 

.009 

12.^ 

18.55 

24.77 

37.23 

42.45 

49.67 

62.12 

74.57 

99.46 

124.42 

.100 

12.51 

18.83 

26.14 

37.78 

44.11 

50.42 

63.06 

75.69 

100.96 

126.30 

.101 

12.69 

19.11 

26.62 

38.36 

44.77 

51.18 

64.01 

76.84 

102.49 

128.20 

.102 

12.88 

19.39 

25.90 

38.92 

45.43 

51.94 

64.96 

77.99 

104.02 

130.10 

.108 

13.07 

19.67 

26.28 

39.49 

46.10 

52.70 

65.91 

79.14 

105.65 

132.00 

.104 

13.26 

19.96 

26.66 

40.06 

46.77 

53.47 

66.87 

80.29 

107.08 

133.90 

.106 

13.45 

20.25 

.27.04 

40.64 

47.44 

54.24 

67.83 

81.44 

108.62 

135.81 

.106 

13.64 

20.53 

27.43 

41.21 

48.12 

56.02 

68.81 

82.61 

110.17 

137.77 

.107 

13.83 

20.81 

27.82 

41.79 

48.80 

55.80 

69.79 

83.78 

111.73 

139.73 

.108 

14.02 

21.10 

28.21 

42.38 

49.49 

56.58 

70.77 

84.95 

113.29 

141.69 

.100 

14.21 

21.39 

28.60 

42.97 

60.18 

57.36 

71.75 

86.12 

114.85 

143.65 

.110 

14.41 

21.71 

29.00 

43.67 

50.87 

68.16 

72.73 

87.30 

116.41 

145.62 

-HI 

14.60 

22.00 

29.39 

44.17 

51.57 

68.95 

73.73 

88.60 

118.07 

147.62 

.112 

14.80 

22.30 

29.78 

44.77 

52.27 

59.75 

74.73 

89.70 

119.67 

149.63 

.113 

15.00 

22.60 

30.11 

46.37 

62.97 

60.55 

75.73 

90.90 

121.27 

161.64 

.114 

15.20 

22.90 

30.58 

45.97 

53.67 

61.36 

76.73 

92.11 

122.88 

163.66 

.115 

15.40 

23.20 

30.98 

46.67 

54.37 

62.15 

77.74 

93.32 

124.49 

155.66 

.116 

15.60 

23.60 

31.39 

47.18 

55.08 

62.96 

78.76 

94.65 

126.13 

157.71 

.117 

15.80 

23.80 

31.80 

47.79 

55.79 

63.78 

79.78 

95.78 

127.77 

169.76 

.U8 

16.00 

24.10 

32.21 

48.40 

56.50 

64.50 

80.80 

97.01 

129.41 

161.81 

.119 

16.20 

24.41 

32.62 

49.01 

57.22 

65.32 

81.82 

98.25 

131.06 

163.86 

.120 

16.41 

24.72 

33.02 

49.63 

57.94 

66.24 

82.85 

99.49 

132.69 

165.91 

.121 

16.61 

26.03 

33.43 

60.25 

58.67 

67.07 

83.89 

100.74 

134.36 

168.00 

.122 

16.81 

26.34 

33.84 

50.87 

59.40 

67.90 

84.95 

102.09 

136.03 

170.09 

.123 

17.01 

26.66 

34.26 

51.49 

60.17 

68.74 

85.98 

103.34 

137.70 

172.18 

.124 

17.22 

26.97 

34.68 

52.11 

60.90 

69.58 

87.03 

104.59 

139.38 

174.27 

.125 

17.43 

26.27 

35.09 

52.75 

61.59 

70.42 

88.08 

106.74 

141.06 

176.38 

.126 

17.64 

26.58 

35.61 

53.38 

62.33 

71.27 

89.14 

107.02 

142.76 

178.51 

.127 

17.85 

26.89 

36.93 

64.02 

63.07 

72.13 

90.20 

108.30 

144.47 

180.64 

.128 

18.06 

27.21 

36.36 

54.66 

63.81 

72.99 

91.27 

109.58 

146.18 

182.78 

.129 

18.27 

27.63 

36.79 

66.30 

64.55 

73.85 

92.34 

110.86 

147.89 

184.91 

.130 

18.48 

27.85 

37.22 

55.94 

65.30 

74.71 

93.41 

112.14 

149.60 

187.06 

.131 

18.69 

28.17 

37.66 

56.59 

66.06 

75.57 

94.49 

113.44 

161.34 

189.23 

.132 

18.90 

28.49 

38.06 

57.24 

66.82 

76.44 

95.67 

114.70 

153.08 

191.40 

.133 

19.11 

28.81 

38.49 

57.89 

67.58 

77.31 

96.66 

116.04 

154.82 

193.58 

.134 

19.33 

29.13 

38.92 

68.64 

68.34 

78.18 

97.75 

117.35 

156.56 

195.76 

.135 

19JS5 

29.46 

39.37 

59.19 

69.11 

79.05 

<70.o4 

118.66 

158.30 

197.94 

.136 

19.76 

29.78 

39.81 

59.86 

69.88 

79.92 

99.94 

119.98 

160.07 

200.16 

.137 

19.97 

30.11 

40.26 

60.51 

70.65 

80.79 

101.04 

121.31 

161.84 

202.37 

.138 

20.19 

30.44 

40.69 

61.17 

71.42 

81.67 

102.14 

122.64 

163.61 

204.59 

.139 

20.41 

30.77 

41.13 

61.84 

72.19 

82.66 

103.25 

123.97 

165.38 

206.81 

.140 

20.63 

31.10 

41.67 

62.61 

72.97 

83.43 

104.37 

126.30 

167.16 

209.03 

.141 

20.86 

31.43 

42.01 

63.18 

73.75 

84.33 

105.49 

126.65 

168.96 

211.28 

.142 

21.07 

31.76 

42.46 

63.85 

74.63 

85.23 

106.61 

128.00 

170.76 

213.63 

.143 

21.29 

32.09 

42.90 

64.62 

76.32 

86.13 

107.74 

129.36 

172.57 

216.79 

.144 

21J52 

32.43 

43.35 

66.19 

76.11 

87.03 

108.87 

131.70 

174.37 

218.05 

.145 

21.74 

32.77 

43.80 

65.87 

76.90 

87.93 

110.00 

132.06 

176.19 

220.31 

.146 

21.96 

33.11 

44.25 

66.55 

77.70 

88.84 

111.14 

133.43 

178.02 

222.60 

.147 

22.18 

33.45 

44.71 

67.23 

78.50 

89.75 

112.28 

134.80 

179.85 

224.90 

.148 

22.40 

33.79 

45.17 

67.91 

79.30 

90.67 

113.42 

136.18 

181.69 

227.20 

.149 

22.63 

34.13 

45.63 

68.60 

80.10 

91.59 

114.57 

137.56 

183.53 

229.60 

.150 

22.86 

34.47 

46.09 

69.29 

80.90 

92.51 

115.72 

138.94 

186.37 

231.80 

.151 

23.06 

34.81 

46.66 

69.98 

81.71 

93.43 

116.88 

140.33 

187.23 

234a3 

3«6 


Depth 

OB 

W«lr. 


LBNOTH  OF  THE  WEIR. 


FMt. 


2  Feet 


.152 
.153 
.154 
.155 
.156 
.157 
.158 
.159 
.160 
.161 
.162 
.163 
.164 
.165 
.166 
.167 
.168 
.169 
.170 
.171 
.172 
.173 
.174 
.175 
.176 
.177 
.178 
.179 
.180 
.181 
.182 
.183 
.181 
.185 
.186 
.187 
.188 
.189 
.190 
.191 
.192 
.193 
.194 
.195 
.196 
.197 
.198 
.199 
.200 
.201 
.202 
.203 
.204 
.205 
.206 
.207 
.208 
.209 


23.31 
23.54 
23.77 
24.00 
24.23 
24.46 
24.69 
24.93 
25.17 
25.40 
25.63 
25.86 
26.10 
26.34 
26.57 
26.81 
27.05 
27.29 
27.53 
27.77 
28.01 
28.25 
28.49 
28.74 
28.98 
29.22 
29.47 
29.72 
29.97 
30.21 
30.45 
30.70 
30.95 
31.20 
31.45 
31.70 
31.95 
32.21 
32.47 
32.72 
32.97 
33.22 
33.47 
33.73 
33.98 
34.24 
34.50 
34.76 
35.02 
35.28 
35.54 
35.80 
36.06 
36.33 
36.59 
36.a5 
37.11 
37.37 


3  Feet. 


36.15 

35.50 

35.85 

36.20 

36.55 

36.90 

37.25 

37.60 

37.96 

38.31 

38.66 

39.01 

39.37 

39.73 

40.09 

40.45 

40.81 

41.17 

41.53 

41.88 

42.23 

42.59 

42.95 

43.31 

43.68 

44.05 

44.43 

44.81 

45.19 

45.57 

45.95 

46.33 

46.71 

47.10 

47.48 

47.86 

48.24 

48.62 

49.01 

49.39 

49.77 

50.16 

50.55 

50.94 

51.33 

51.72 

52.11 

52.50 

52.89 

53.28 

63.67 

54.07 

54.47 

54.87 

55.27 

55.67 

56.07 

56.47 


4  Feet 


47.01 
47.47 
47.93 
48.39 
48.85 
49.32 
49.79 
50.26 
50.73 
51.20 
51. G8 
52.16 
52.64 
53.12 
53.60 
5i.08 
54.56 
55.05 
55.5J 
56.a3 
56.53 
57.02 
57.51 
57.99 
58.48 
58.98 
59.48 
59.98 
60.48 
60.98 
61.48 
61.98 
62.49 
63.00 
63.51 
64.02 
64.53 
65.04 
65.56 
66.07 
66.58 
67.10 
67.62 
68.14 
68.66 
69.18 
69.70 
70.23 
70.76 
71.29 
71.82 
72.35 
72.88 
73.42 
73.95 
74.48 
75.02 
75.56 


R  Feet. 


70.67 

71.37 

72.07 

72.77 

73.47 

74.18 

74.89 

75.60 

76.31 

77.02 

77.74 

78.46 

79.18 

79.90 

80.63 

81.36 

82.09 

82.82 

83.55 

84.28 

85.02 

85.76 

86.50 

87.24 

87.99 

88.74 

89.49 

90.24 

91.00 

91.76 

92.52 

93.28 

94.04 

94.80 

95.57 

96.34 

97.11 

97.88 

98.65 

99.43 

100.21 

100.99 

101.77 

102.56 

103.35 

104.14 

104.93 

105.72 

106.51 

107.31 

107.81 

108.61 

109.41 

110.51 

111.32 

112.13 

112.94 

113.75 


Feet, 


82.52 
83.33 
84.14 
84.96 
85.78 
86.61 
87.44 
88.27 
89.10 
89.93 
90.77 
91.61 
92.45 
93.29 
94.14 
94.99 
95.84 
96.69 
97.55 
98.41 
99.27 
100.14 
101.01 
101.88 
102.75 
103.62 
104.50 
105.38 
106.26 
107.14 
108.03 
108.92 
109.81 
110.70 
111.60 
112.50 
113.40 
114.30 
115.20 
116.11 
117.02 
1 17.93 
118.84 
119.76 
120.68 
121.60 
122.52 
123.45 
124.38 
125.31 
126.24 
127.17 
128.11 
129.05 
130.00 
130.95 
131.90 
132.85 


8  Feet. 


94.36 
95.29 
96.22 
97.15 
98.09 
99.04 
99.99 
100.94 
101.89 
102.85 
103.81 
104.77 
105.73 
106.69 
107.66 
108.63 
109.60 
110.58 
111.56 
112.54 
113.53 
114.52 
115.51 
116.50 
117.50 
118.50 
119.50 
120.50 
121.51 
122.52 
123.53 
124.54 
125.55 
126.57 
127.60 
128.63 
129.67 
130.71 
131.75 
132.79 
133.83 
134.87 
185.92 
136.97 
138.02 
139.07 
140.13 
141.19 
142.25 
143.32 
144.39 
145.46 
146.53 
147.60 
148.68 
149.76 
150.84 
151.92 


in  Feet  12  feet  '16  Feet 


118.04 

119.21 

120.38 

121.55 

122.73 

123.91 

125.09 

126.27 

127.46 

128.66 

129.86 

131.06 

132.26 

133.47 

134.69 

135.91 

137.13 

138.35 

139.57 

140.85 

142.09 

143.33 

144.57 

146.76 

147.01 

148.26 

149.51 

150.77 

152.03 

153.31 

154.59 

155.88 

157.17 

158.43 

159.71 

160.99 

162.27 

163.55 

164.84 

166.14 

167.45 

168.76 

170.07 

171.38 

172.70 

174.02 

175.34 

176.66 

177.99 

179.33 

180.67 

182.01 

183.35 

184.69 

186.04 

187.39 

188.75 

190.11 


141.73 

143.17 

144.57 

145.93 

147.35 

148.77 

150.19 

151.61 

153.03 

154.47 

155.91 

157.35 

158.80 

160.25 

161.71 

163.17 

164.64 

166.11 

167.58 

169.06 

170.54 

172.03 

173.52 

175.01 

176.49 

177.98 

179.47 

180.96 

182.55 

184.07 

la'i.eo 

187.13 

188.66 

190.19 

191.74 

193.29 

194.84 

196.39 

197.94 

199.51 

201.08 

2(J2.65 

204.22 

205.79 

207.37 

208.96 

210.55 

212.141 

213.73 

215.:i4 

216.95 

218.56 

220.17 

221.78 

223.40 

225.03 

226.66 

228.29 


189.09 

190.96 

192.83 

194.70 

196.59 

199.48 

201.38 

203.28 

204.18 

206.10 

208.03 

209.96 

211.89 

213.82 

215.76 

217.701 

219.65 

221.60 

223.65 

225.62 

227.69 

229.56 

231.54 

233.52 

2,35.54 

237.56 

239.68 

241.60 

243.62 

246.65 

247.68 

249.71 

261.74 

253.78 

256.85 

257.92 

259.99 

262.06 

264.13 

266.22 

268.31 

270.40 

272.50 

274.60 

276.72 

278.84 

280.96 

283.08 

285.22 

287.36 

289.51 

291.66 

293.81 

295.96 

296.13 

300.30 

302.47 

304.65 


20  Feet 


236.46 
238.79 
241.13 
243.47 
245.86 
248.25 
260.64 
263.04 
255.34 
267.75 
260.17 
262.59 
265.01 
267.38 
269.82 
272.26 
274.71 
277.16 
279.61 
282.09 
284.67 
287.06 
289.54 
292.03 

297.06 

299.68 

302.10 

304.62 

307.17 

309.72 

312.27 

314.82 

317.38 

319.96 

322.661 

325.141 

327.731 

330.32 

332.93 

335.66 

338.17 

340.79 

343.41 

346.06 

348.72 

361.38 

354.04 

356.70 

359.38 

362.07 

364.76. 

367.45 1 

370.14 

372.86! 

375.68 

378.301 

381.02 


387 


Depth 

on 
Wdr. 


liEJk'aTH  OF  THE  WEIB. 


Feet.    2l''eet 


.210, 

.211 1 

.2121 

•213! 

.214' 

.215, 

.216, 

.217 

.218 

.219 

.220 

.221 

.222 

.223 

.221 

.225, 

.226! 

.227; 

.2281 

.229 

.230 

.231 

.232 

.2331 

.231 

.235 

.236 

.237 

.238 

.239 

.240 

.211 

.242 

.2i3 

.211 

.215 

.216 

.2171 

.248 

.2(91 

.250 

.251 

.252 

.25.J 

.251: 


,'1  - 


.255 
.2.-,6 
.2.i7 
.-258 
.259 
.260 
.261 
.262 
.263 
.264 
.'265 
.266 
.267 


37.64 
37.90 
38.17 
38.44 
38.71 

•>Q  QQ 

OOmVO 

39.24 

39.51 

39.78 

40.05 

40.32 

40.59 

40.86 

41.13 

41.40 

41.68 

41.95 

42.22 

42.50 

42.78 

43.06 

43.33 

43.61 

43.89 

41.17 

44.45 

44.73 

45.01 

45.291 

45.57 

45.85 

46.13 

46.41 

46.69 

46.98 

47.27 

47.65 

47.83 

48.12 

48.41 

48.70 

48.98 

49.*27 

49.51 

49.85 

50.14 

50.43 

50.72 

51.01 

51.30 

51.60 

51.89 

52.18 

52.47 

52.76 

5:5.06 

53.35 

53.64 


3  Feet. 


4  Feet. 


6  t  eet 


56.88 

57.28 

SJ.M 

58.08 

58.48 

oo.o9 

59.3J 

59.71 

60.12 

60.5:3 1 

60.91 

6I.35: 

61.76 

62.17 

62.59 

63.01, 

6J.41! 

63.82' 

61.23 

64.65 

65.08 : 

65.50 

65.92 

66.35 

66.78 

67.21 

67.63 

68.05 

68.48 

68.91 

69.31 

69.77 

70.20 

70.63 

71.06 

71.49 

71.92 

72.35 

72.79 

73.21 

73.67 

74.11 

74.55 

74.99 

75.43 

75.87 

76.31 

76.75 

77.19 

77.63 

78.08 

78.52 

78.97 

79.42 

79.87 

80.32 

80.77 

81.22 


76.10 

76.64 

77.18 

77.72 

78.26 

78.81 

79.36 

79.91 

80.46 

81.01 

81.58 

82.11 

82.63 

83.21 

83.17 

81.33 

81.89: 

85.45 

86.01 

86.57 

87.14 

87.70 

88.27 

88.81 

89.41 

89.98 

90.55 

91.12 

91.69 

92.26 

92.81 

93.41 

93.99 

91.58 

95.17 

95.73 

96.3:3 

96.91 

97.49 

98.07 

98.65 

99.21 

99.83 

103.42 

101.01 

101.60 

102.19 

102.78 

103.38 

103.98 

104.58 

105.18 

105.78 

106.38 

107.13 

107.58 

108.18 

108.78 


7  Feet 


114.56 

115.37 

116.19 

117.01 

117.83 

118.65 

119.48 

120.31 

121.14 

121.97 

122.80 

123.63 

124.47 

1*25.31 

126.15 

126.99! 

I27.83I 

128.67' 

129.52 

130.37! 

131.22! 

132.071 

132.92 

133.78 

134.64! 

135.501 

136.38 

137.22 

138.08 

138.95 

139.82 

140.71 

141.58 

14;}.31 

144.18 

144  19 

145.07 

145.95 

146.83 

147.71 

148.60 

149.49 

150.38 

151.271 

152.16! 

153.06; 

153.95! 

154.85 

155.751 

156.65, 

157.55; 

158.45 

159.36' 

160.271 

161.18 

162.09' 

163.00, 

163.921 


H  Feet. 


133.81 

134.76 

135.72 

136.68 

137.64 

138.60 

139.56 

140.52 

141.48 

142.45 

143.41 

144.38 

145.36 

146.34 

147.32 

148.30 

149.29 

150.28 

151.27 

152.26 

153.26 

154.26 

155.26 

156.26 

157.26 

158.26 

159.27 

160.28 

161.29 

162.30 

163.31 

164.33 

165.35 

166.37 

167.39 

168.42 

169.45 

170.48 

171.51 

172.54 

173.58 

174.62i 

175.66 

176.70 

177.74 

178.78 

179.83 

180.88 

181.93 

182.98 

184.04 1 

185.10 

186.16 

187.22 

188.28 

189.:i5 

190.42 

191.49 


153.01 
154.10 
155.19 
156.29 
157.39 
158.49 
159.59 
160.69 
161.70 
162.81 
164.03 
165.15 
166.27 
167.39 
168.50 
169.63 
170.76 
171.89 
173.02 
174.16 
175.30 
176.44 
177.58 
178.72 
179.87 
181.02 
182.17 
183.36 
184.48 
185.64 
186.80 
187.96 
189.13 
190.30 
191.47 
192.64 
193.82 
195.00 
196.18 
197.36 
198.55 
199.74 
200.93 
202.12 
203.31 
204.51 
205.71 
206.91 
208.11 
209.32 
210.53 
211.74 
212.95 
214.16 
215.38 
216.60 
217.82 
219.04 


10  Feet 

12  Feet. 

191.47 

229.92 

192.84 

231.56 

194.21 

233.21 

195.58 

234.86 

196.95 

236.51 

198.33 

238.16 

199.71 

239.82 

201.09 

241.49 

202.48 

243.16 

203.87 

244.83 

205.26 

246.50 

206.66 

248.18 

208.07 

249.86 

209.48 

251.55 

210.89 

253.24 

212.30 

254.93 

213.71 

266.63 

215.12 

258.33 

216.53 

260.03 

217.95 

261.73 

219.37 

263.46 

220.80 

265.17 

222.23 

266.89 

223.67 

268.61 

225.11 

270.33 

226.55 

272.06 

227.99 

273.80 

229.44 

275.54 

230.89 

277.28 

232.34 

279.02 

233.79 

280.77 

235.24 

282.52 

236.69 

284.28 

237.14 

286.04 

238.59 

287.80 

241.05 

289.56 

242.54 

291.33 

244.03 

293.11 

245.52 

294.89 

247.01 

296.67 

248.50 

298.45 

249.99 

300.24 

251.48 

302.03 

252.97 

303.82 

254.46 

305.62 

255.95 

307.42 

257.46 

308.23 

258.97 

310.04 

260.48 

311.85 

262.02 

313.66 

263.51 

316.48 

265.03 

318.31 

266.55 

320.14 

268.07 

321.97 

269.59 

323.80 

271.11 

325.63 

272.68 

327.47 

274.22 

329.31 

16  Feet. 


306.83 
0O9.O3 
311.23 
313.43 
315.63 
317.84 
320.06 
322.28 
324.67 
326.80 
328.97 
331.22 
333.47 
335.72 
337.97 
340.22 
342.49 
344.76 
347.04 
349.32 
351.60 
363.90 
366.20 
358.50 
360.80 
363.11 
365.43 
367.73 
370.08 
372.43 
374.74 
377.09 
379.44 
381.79 
384.14 
386.49 
388.86 
391.23 
393.60 
395.97 
398.35 
401.74 
404.14 
406.53 
408.92 
410.33 
412.75 
416.17 
417.69 
420.01 
422.44 
424.88 
427.32 
429.76 
432.20 
434.65 
437.11 
439.68 


20  Feet 


383.76 
386.30 
389.06 
391.80 
394^ 
397  J^l 
400.29 
403.07 
405.86 
408.65 
411.44 
414.23 
417.02 
419.82 
422.62 
426.62 
428.36 
431.21 
434.06 
436.91 
439.76 
442.65 
445.53 
448.41 
451.29 
464.15 
457.06 
459.97 
462.88 
465.79 
468.70 
471.65 
474.60 
477.65 
480.51 
483.40 
486.37 
489.34 
492.31 
495.28 
498.25 
501.25 
504.25 
507.25 
610.25 
513.26 
516.27 
519.30 
522.33 
525.36 
5L8.39 
531.44 
534.60 
537.66 
540.62 
543.68 
546.76 
649.84 


388 


Depth 

. 

on 
Weir. 

LEK6TH  OF  THE  WEIB. 

Feet. 

2  Feet 

3  Feet. 

/             1 
4  Feet.  J  6  Feet.   7  Feet. 

8  Feet. 

10  Feet. 

12  Feet. 

16  Feet 

20  Feet. 

1 

.268   53.94 

81.67 

109.30 

1&4.84 

192.56 

220.27 

275.76 

331.16 

442.05 

552.93 

.269   64.24 

82.12 

110.00 

165.76   193.63 

221.50 

277.30 

333.01 

444.52 

656.021 

.270,  54.54 

82.57 

110.61 

166.68  194.70 

222.73 

278.80 

334.86 

446.99 

669.11 

.271 

54.84 

83.02 

111.22 

167.60  195.78 

223.96 

280.31 

336.72 

449.47 

662.22 

.272 

65.14 

83.47 

111.83 

168.52 

196.86 

225.20 

281.89 

338.58 

451.96 

665.331 

.273 

66.44 

83.93 

112.44 

169.44 

197.94 

226.44 

283.44 

340.44 

454.43 

568.44- 

.274 

55.74 

84.39 

113.05 

170.37 

199.02 

227.68 

284.99 

342.31 

456.91 

671^ 

.275   56.04 

84.85 

113.67 

171.30 

200.11 

228.92 

286.54 

344.18 

469.43 

574.68 

.276   56.34 

85.31 

114.28 

172.23 

201.20 

230.26 

288.10 

346.06 

461.94 

577.84 

.277 

56.64 

85.77 

114.89 

173.16 

202.29 

231.51 

289.66 

347.94 

464.45 

581.00 

.278 

56.94 

86.23 

115.51 

174.09 

203.38 

.  232.76 

291.22 

349.82 

466.97 

584.16 

.279 

57.24 

86.69 

116.13 

175.02 

2U4.17 

234.01 

292.79 

351.71 

469.49 

687.33 

.280 

57.54 

87.15 

116.75 

175.96 

205.56 

235.16 

294.36 

353.60 

472.01 

590.40 

.281 

57.84 

87.61 

117.37 

176.90 

206.G6 

236.42 

295.94 

355.49 

474.64 

593.67 

.282 

58.14 

88.07 

117.99 

177.84 

207.76 

237.68 

297.52 

357.38 

477.07 

596.74 

.283 

58.44 

88.53 

118.61 

178.78 

208.86 

238.94 

299.10 

359.27 

479.60 

699.91 

.284 

58.75 

88.99  119.23 

179.72 

209.96 

240.20 

300.68 

361.16 

481.93 

603.08 

.285 

59.06 

89.46   119.86 

180.66 

211.06 

241.46 

302.26 

363.06 

484.66 

606.25 

.286 

59.36 

89.92   120.48 

181.61 

212.17 

242.73 

303.85 

364.96 

487.21 

609.46 

.287 

59.66 

90.38   121.11 

182.56 

213.28 

244.00 

305.44 

366.87 

489.76 

612.65 

.288 

59.97 

90.85'  121.74 

183.51 

214.39 

245.27 

307.03 

368.78 

492.31 

615.85 

.289 

60.28 

91.32 

122.37 

184.46 

215.;50 

246.54 

308.62 

370.69 

494.87 

619.00 

.290 

60.59 

91.79 

123.00 

185.41 

216.61 

247.81 

310.22 

372.60 

497.43 

622.25 

.291 

60.89 

92.26 

123.63 

186.36 

217.72 

249.09 

311.82 

374.51 

500.00 

625.47 

.292 

61.20 

92.73 

124.26 

187.31 

218.84 

250.37 

313.42 

376.42 

502.58 

628.69 

.293 

61.51 

93.20 

124.89 

188.27 

219.96 

251.65 

315.02 

378.34 

506.16 

631.91 

.294 

61.82 

93.67 

125.52 

189.23 

221.08 

252.93 

316.63 

380.26 

607.74 

635.14 

^6 

62.13 

94.15 

126.16 

190.19 

222.20 

254.22 

318.24 

382.18 

510.32 

638.37 

.296 

62.44 

94.62 

126.79 

191.15 

223.32 

255.51 

319.86 

384.14 

612.92 

641.62 

.297 

62.75 

95.09 

127.43 

192.11 

224.45 

256.80 

321.48 

386.10 

615.62 

644.87 

.298 

63.06 

95.56 

128.07 

193.07 

225.58 

258.09 

323.10 

388.06 

618.63 

648.12 

.299 

63.47 

96.04 

128.71 

194.04 

226.71 

259.38 

324.72 

390.02 

620.72 

661.38 

.300 

63.69 

96.52 

129.35 

195.01 

227.84 

260.67 

326.34 

392.00 

623.32 

664.64 

.301 

64.00 

96.99 

129.99 

195.98   228.97 

261.97 

327.97 

393.95 

626.94 

6W.92 

.302 

64.31 

97.47 

130.63 

196.95   230.11 

263.27 

329.60 

395.90 

528.68 

661.20 

.303 

64.62 

97.95 

131.26 

197.92   231.25 

264.57 

331.23 

397.86 

631.18 

664.48 

.304 

64.93 

98.43 

131.91 

198.99   232.39 

265.87 

332.86 

399.82 

633.80 

667.76 

.305 

66.25 

98.91 

132.57 

199.87 

233.53 

267.18 

334.49 

401.78 

636.42 

671.04 

.306 

66.56 

99.39 

133.21 

200.85 

234.67 

268.49 

336.13 

403.76 

539.06 

674.34 

.307 

65.87 

99.87 

133.86 

201.83 

235.81 

269.80 

337.77 

406.74 

641.70 

677.64 

.308 

66.19 

100.35 

134.51 

202.81 

236.96 

271.11 

339.42 

407.72 

644.34 

680.94 

.309 

66.51   100.83 

135.16 

203.79   238.11 

272.42 

341.07 

409.70 

646.98 

684.24 

.310 

66.83  101.31 

135.81 

204.77,  239.26 

273.74 

342.72 

411.69 

649.63 

687.57 

.311 

67.14*  101.79 

136.46 

205.75!  240.41 

275.06 

344.37 

413.68 

652.29 

690.86 

.312 

67.46 

102.27 

137.11 

206.74   241.56 

276.38 

346.03 

416.67 

654.95 

694.19 

.313 

67.78 

102.76 

137.76 

207.73   242.72 

277.71 

347.69 

417.66 

657.61 

697.62 

.314 

68.10 

103.25 

138.41 

208.72 

243.88 

279.04 

349.35 

419.65 

660.27 

700.75 

.315 

68.42 

103.74 

139.07 

209.71 

245.04 

280.36 

351.01 

421.65 

562.94 

704.18 

.316 

68.74 

104.23 

139.72 

210.70 

246.20 

281.69 

352.68 

423.65 

565.62 

707.56 

.317 

69.06 

104.72 

140.38 

211.69 

247.36 

283.02 

354.35 

425.65 

668.30 

710.92 

.318 

69.38 

105.21 

141.04 

212.69 

248.52 

284.35 

356.02 

427.66 

670.98 

714.29 

.319   69.70 

105.70 

141.70 

213.69 

249.68 

285.69 

357.69 

429.67 

573.66 

717.66 

.320'  70.02 

106.19 

142.36 

214.69 

250.85 

287.03 

359.36 

431.69 

576.36 

721.04 

^1 

70.34 

106.68 

143.02 

215.69 

252.02 

288.37 

361.04 

433.71 

579.06 

J24.42 

.322 

70.66 

107.17 

143.68 

216.69 

253.19 

289.71 

362.72 

435.73 

681.76 

727.80 

.323 

70.98 

107.66 

144.34 

217.69 

254.36 

291.05 

364.40 

437.75 

684.47 

731.19 

.324 

71.30 

107.86 

145.00 

218.70 

255.54 

292.39 

.366.09 

439.78 

587.18 

734.58 

.325 

T1.63 

108.65 

145.67 

219.71 

1 

256.72 

293.74 

367.78 

441.82 

589.89 

737.OT 

389 


USKGTH  OP  THE  WBIB. 


Feet.  2  Feet. 


.326: 

.327 

.328 

.329 

.330 

.331 

.332 

.333 

.334 

.335 

.3361 

.3371 

.338 

.339 

.340 

.3411 

.342 

.343 

.345 
.346 
.347 
.348 
.349 
.350 
.351 
.352 
.353 
354 
356 
.356; 
.357 
.358 
.359 
.360 
.361 
.362 
.363 
.364 
.365 
.366 
.367 
.«$t>o 
.369 
.370 
.371 
.372 
.373 
.374! 
.376 
.376, 
.377: 
.378 
.379 
.380 
.381 
.382 
.383 


71.95 

72.27 

72.59 

72.92 

73.25 

73.57 

73.89 

74.22 

74.55 

74.88 

75.20 

75.53 

76.86 

76.19 

76.52 

76.86 

77.18 

77.61 

77.84 

78.18 

78.51 

78.84 

79.17 

79.50 

79.84 

80.17 

80..90 

80.83 

81.17 

81.51 

81.84 

82.18 

82.62 

82.86 

83.20 

83.54 

83.88 

84.22 

84.56 

84.90 

85.24 

85.58 

86.92 

86.26 

86.60 

86.94 

87.28 

87.62 

87.97 

88.32 

88.66 

89.00 

89.34 

89.69 

90.04 

90.39 

90.74 

91.09 


3  Feet. 


109.14 

109.63 

110.13 

110.63 

111.13 

111.63 

112.13 

112.63 

113.13 

113.63 

114.13 

114.63 

116.13 

115.63 

116.14 

116.64 

117.14 

117.65 

118.16 

118.67 

119.18 

119.69 

120.20 

120.71 

121.22 

121.73 

122.24 

122.76 

123.28 

123.79 

124.30 

124.81 

125.32 

125.84 

126.36 

126.88 

127.40 

127.92 

128.44 

128.96 

129.48 

130.00 

130.52 

131.05 

131.68 

132.10 

132.62 

133.14 

133.67 

134.20 

134.73 

136.26 

135.79 

136.32' 

136.85 

137.38! 

137.91 

138.44 


4  Feet 


6  Feet. 


I 


146.33 

147.00 

147.67 

148.34 

149.01 

149.68 

160.35 

151.02 

151.69 

152.37 

153.04 

153.71 

164.39 

156.07 

166.76 

166.43J 

167.n 

167.79 

168.47 

159.16 

159.84 

160.62 

161.20 

161.90 

162.69 

163.28 

163.97 

164.66 

165.a5 

166.04 

166.73 

167.42 

168.12 

168.82 

169.52 

170.22 

170.92 

171.62 

172.32 

173.02 

173.72 

174.42 

175.13 

175.84 

176.64 

177.26 

177.96 

178.67 

179.38 

180.09 

180.80 

181.51 

182.22 

182.93 

183.66 

184.36 

185.08 

186.80 


220.72 

221.73 

222.74 

223.75 

224.76 

225.77 

226.78 

227.80 

228.82 

229.84 

230.86 

231.88 

232.91 

233.94 

234.97 

236.00 

237.03 

238.06 

239.09 

240.13 

241.17 

242.21 

243.25 

244.29 

245.33 

246.37 

247.41 

248.46 

249.51 

250.66 

251.61 

252.66 

253.71 

254.77 

265.83 

256.89 

257.95 

259.01 

260.07 

261.14 

262.20 

263.27 

264.34 

265.41 

266.48 

267.55 

268.62 

269.69 

270.77 

271.86 

272.93 

274.01 

275.09 

276.17 

277.26 

278.34 

279.43 

280.62 


7  Feet. 


257.90 
269.08 
260.26 
261.44 
262.63 
263.82 
265.01 
266.20 
267.39 
268.59 
269.78 
270.98 
272.08 
273.28 
274.58 
275.78 
276.99 
278.20 
279.41 
280.62 
281.83 
283.04 
284.26 
285.48 
28G.70 
287.92 
289.14 
290.36 
291.69 
292.82 
294.05 
295.28 
290.51 
297.75 
298.99 
300.23 
301.47 
302.71 
303.95 
305.20 
306.45 
307.70 
308.96 
310.20 
311.45 
312.71 
313.97 
315.23 
316.49 
317.76 
319.02 
320.28 
321.54 
322.80 
324.06 
326.33 
326.60 
327.87 


8  Feet. 


295.09 
296.44 
297.79 
299.15 
300.51 
301.87 
303.n 
304.60 
305.97 
307.34 
308.71 
310.08 
311.45 
312.82 
314.19 
315.57 
316.95 
318.33 
319.72 
321.11 
322.50 
323.89 
325.28 
326.68 
328.08 
329.48 
330.88 
332.28 
334.28 
386.08 
336.49 
337.90 
339.31 
340.73 
342.16 
343.57 
344.99 
346.11 
347.83 
349.25 
350.68 
352.11 
353.64 
364.97 
366.41 
367.85 
369.29 
360.73 
362.17 
363.62 
365.06 
366.51 
367.96 
369.41 
370.86 
372.32 
373.78 
375.24 


10  Feet. 


12  Feet. 


369.47 
371.11 
372.87 
374.57 
376.27 
377.97 
378.68 
380.39 
382.10 
384.81 
386.63 
388.26 
389.97 
391.69 
393.42 
395.16 
396.88 
398.61 
400.34 
402.08 
403.82 
406.56 
407.31 
409.06 
410.81 
412.57 
414.33 
416.09 
417.85 
419.61 
421.38 
423.16 
424.92 
426.69 
428.46 
430.24 
432.02 
433.80 
436.58 
437.38 
439.17 
440.96 
442.75 
444.55 
446.36 
448.15 
449.95 
461.76 
453.57 
466.38 
457.19 
459.01 
460.83 
462.66 
464.47 
466.27 
468.10 
469.93 


443.86 
445.90 
447.94 
449.98 
462.02 
464.07 
456.12 
468.18 
460.28 
462.30 
464.36 
466.42 
468.49 
470.56 
472.63 
474.71 
476.79 
478.88 
480.97 
483.06 
485.16 
487.25 
489.35 
491.45 
493.56 
495.66 
497.77 
499.89 
501.01 
504.13 
506.26 
608.38 
510.50 
612.63 
614.77 
516.91 
519.06 
621.19 
623.34 
526.49 
627.64 
529.80 
531.96 
634.12 
536.28 
638.45 
640.62 
542.80 
644.98 
647.16 
649.34 
661.52 
563.70 
665.89 
668.08 
560.28 
662.48 
564.68 


16  Feet. 


692.61 
596.33 
698.06 
600.79 
603.52 
606.26 
609.00 
611.76 
614.60 
617.26 
620.01 
622.77 
626.62 
628.31 
681.08 
633.86 
636.64 
639.42 
642.20 
644.99 
647.79 
660.69 
663.39 
666.19 
669.00 
661.83 
664.66 
667.49 
670.33 
673.17 
676.01 
678.86 
681.71 
684.56 
687.41 
690.27 
693.13 
696.99 
698.86 
701.72 
704.60 
707.48 
710.37 
713.26 
716.16 
719.05 
721.96 
724.86 
727.77 
730.68 
733.60 
736.62 
739.44 
742.C6 
745.29 
748.23 
761.17 
764.11 


20  Feet 


741.37 
744.77 
748.18 
761.69 
766.09 
768.44 
761.88 
766.32 
768.76 
772.21 
776.66 
779.12 
782.68 
786.04 
789.60 
792.99 
796.48 
799.97 
803.46 
806.96 
810.46 
813.96 
817.47 
820.98 
824.49 
828.03 
831.67 
836.11 
838.66 
842.21 
846.77 
849.33 
862.89 
866.46 
860.03 
863.61 
867.19 
870.78 
874.37 
877.96 
881.57 
886.18 
888.80 
892.42 
896.04 
899.67 
903.30 
906.93 
910.66 
914.20 
917.86 
921.62 
926.18 
928.84 
932.50 
936.18 
939.86 
943.54 


390 


thgth 

on 
Weir. 


LENGTH  OF  THE  WEIR. 


Feet. 

Jim 
.387 

•t>00 

.389 

.390 

.391 

.392 

.393 

.394 

.395 

.396 

.397 

.398 

.399 

.400 

.401 

.402 

.403 

.404 

.405 

.406 

.407 

.408 

.409 

.410 

.411 

.412 

.413 

.414 

.415 

.416 

.417 

.418 

.419 

.420 

.421 

.422 

.423 

.424 

.425 

.426 

.427 

.428 

.429 

.430 

.431 

.432 

.433 

.434 

.435 

436 

.437 

.438 

.439 

.440 

.441 


3  Feet. 


91.45 
91.81 
92.15 
92.49 
92.83 
93.18 
93.63 
93.88 
94.23 
94.68 
94.93 
95.28 
95.63 
95.98 
96.33 
96.68 
97.04 
97.39 
97.74 
98.10 
98.54 
98.82 
99.17 
99.62 
99.88 
100.24 
100.60 
100.96 
101.32 
101.68 
102.04 
102.40 
102.76 
103.12 
103.48 
103.84 
104.20 
104.56 
104.92 
105.28 
105.&i 
106.01 
106.37 
106.73 
107.10 
107.46 
107J83 
108.19 
108.55 
108.92 
109.29 
109.66 
110.02 
110.39 
110.76 
111.13 
111.50 
111.86 


8  Feet    4  Feet. 


138.97 

139.51 

140.04 

140.67 

141.11 

141.65 

142.19 

142.73 

143.27 

143.81 

144.35 

144.89 

146.43 

145.97 

146.51 

147.06 

147.61 

148.15 

148.69 

149.23 

149.77 

150.32 

150.86 

151.40 

151.95, 

152.50 

153.06 

163.60 

154.15 

154.70 

156.26 

165.81 

156.36 

156.91 

157.47 

158.03 

168.58 

159.13 

169.70 

160.29 

160.88 

161.37 

161.93 

162.49 

163.05 

163.61 

164.17, 

164.73 

165.29 

165.85, 

166.41 

166.98, 

167.64, 

168.10 

168.67, 

169.24 

169.81 

170,37 


186..52 
I  187.24 
187.96 
188.68 
189.40 
190.12 
190.83 
191.67 
192.39 
193.12! 
193.85 
194.48, 
195.21 
195.94 
196.67 
197.40 
198.14 
198.83 
199.56 
200.29 
201.03 
201.81 
202.55, 
203.29, 
204.03! 
204.77' 
205.61; 
206.26 
206.99 
207.73 
208.48, 
209.23 
209.97 
210.72 
211.47' 
212.22 1 
212.97 1 
213.72 
214.47 
215.22' 
215.97 
216.73, 
217.48 
218.23! 
218.99 
219.75' 
220.51 
221.27 
222.03 
222.79 
223.65 
2^.31 
225.07 
225.83 
226.69 
227.36 
228.13 
228.89 


6  Feet. 


281.61 

282.70 

283.79 

284.88 

286.98 

287.06 

288.18 

289.28 

290.38 

291.48 

292.68 

293.69 

294.79 

295.90 

297.01 

298.12 

299.23 

300.34 

301.45 

302.57 

303.69 

304.81 

306.93 

307.05 

308.17 

309.29 

310.42 

311.54 

312.67 

313.80 

314.93 

316.06' 

317.19 

318.32 

319.45 

320.59 

321.73 

322.87 

324.01 

325.16 

326.30 

327.44 

328.58 

329.73 

330.88 

332.03 

3d3.18 

334.33 

335.48 

336.63 

337.79 

338.96 

340.11 

341.27 

342.43 

343.59 

344.75 

345.91 


7  Feet 


329.16 

330.43 

331.71 

332.99 

334.27 

335.66 

336.84 

338.12 

339.41 

340.70 

341.99 

343.28 

344.58 

3J5.88 

347.18 

348.48 

349.78 

351.08 

352.39 

353.70 

355.01 

356.32 

357.63 

368.94 

360.75 

361.56 

362.87 

304.18 

365.49 

366.80 

368.11 

369.42 

370.76 

372.10 

373.44 

374.78 

376.12 

377.45 

378.78 

380.12 

381.46 

382.80 

384.16 

385.50 

386.84 

388.19 

389.52 

390.87 

392.25 

393.60 

394.95 

396.27 

397.62 

400.34 
401.70 
403.06 
404.43 


8  Feet  '10  Feet  12  Feet  16  Feet 


376.70 

378.16 

379.62 

381.09 

382.56 

384.03 

385.50 

386.97 

388.45 

389.93 

391.41 

392.89 

394.37 

395.86 

397.35 

398.84 

400.33 

401.82 

403.31 

404.80 

406.30 

407.80 

409.30 

410.80 

412.30 

413.81 

415.32 

416.83 

418.34 

419.86 

421.37 

422.89 

424.41 

425.93 

427.45 

428.97 

430.50 

432.03 

433.56 

436.09 

436.62 

438.15 

439.69 

441.23 

442.77 

444.31 

445.86 

447.40 

448.95 

450.50 

462.06 

453  60 

456.16 

466.72 

458.28 

469.84 

461.40 

462.96 


471.76 

473.61 

476.46 

477.30 

479.16 

481.00 

482.86 

484.70 

486.55 

488.40 

490.25 

492.10 

493.96 

496.82 

497.68 

499.54 

601.41 

603.28 

606.16 

607.02 

608.91 

610.79 

612.67 

514.56 

516.45 

518.34 

620.23 

522.12 

624.02 

626.92 

627.82 

629.72 

631.63 

633.64 

536.46 

537.36 

539.27 

641.19 

643.11 

646.03 

646.05 

648.88 

550.81 

552.76 

654.69 

666.63 

568.63 

660.47 

562.41 

564.35 

566.29 

568.24 

670.19 

572.14 

674.09 

676.06 

578.01 

579.97 


568.88 

669.08 

671.29 

673.61 

576.73 

677.96 

680.17 

682.39 

684.61 

686.84 

689.07 

591.30 

693.54 

695.78 

598.02 

600.26' 

602.51 

604.761 

607.02: 

609.28, 

611.641 

613.80, 

616.14 

618.40, 

620.661 

622.921 

625.13 

627.41 

629.69 

631.97 

634.26 

636.66 

638.84 

641.14 

643.44 

646.74 

648.04 

650.34 

662.66 

664.96 

657.17 

659.68 

661.90 

664.22 

666.64 

668.87 

671.20 

673.64 

676.88 

678.22 

680.66 

682.90 

686.25 

687.61 

689.97 

692.83 

684.641 

697.00! 


767.05 

760.00 

762.96 

765.92 

768.88 

771.84 

774.81 

777.78 

780.76 

783.74 

786.72 

789.70 

792.69 

795.69 

798.69 

801.69 

804.69 

807.70 

810.71 

813.72 

816.74 

819.77 

822.80 

826.83 

828.86 

831.90 

834.94 

837.99 

841.04 

844.09 

847.16 

860.21' 

853.28 

866.36 

869.42 

862.00 

865.68 

868.66 

871.74 

874.82 

877.90 

880.99 

884.10 

887.21 

890.32 

883.43 

886.66 

899.67 

902.78 

805.92 

908.66 

912.18 

915.32 

918.46 

921.60 

924.74 

827.89 

931.06 


90  Feet 


947.23 
950.92 
964.62 
968.32 
962.02 
966.71 
969.44 
973.17 
976.90 
960.63 
984.37 
988.11 
991.92, 
995.67 
999.42 
1003.17, 
1006.87' 
1010.64! 
1014.42' 
1018J20 
1021.98 
1026.76' 
1029.56' 
1033.96 
1047.16 
1060.^ 
1044.76' 
1048.68. 
1062.401 
1056^1 
1060.05: 
1063.881 
1067.721 
1071.66' 
1076.40 
1079.25 
1083.10 
1066.97 
1090.84 
1094.71 
1096.68 
1102.45 
1106.34 
1110.23 
1114.12 
1118.01 
1121.90 
1125.81 
1129.72 
1133.63 
1137.661 
1141.47 
1146.40 
1149.33 
1163J27 
11CT.21 
1161.16 
1166.10 
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Depth 

■■■■'■                                                                 

on 
Weir. 

LENGTH  OF  THE  WEIB. 

Feet. 

2  Feet. 

3  Feet. 

4  Feet. 

6  Feet. 
347.08 

7  Feet.  |  8  Feet. 

1 

10  Feet. 

12  Feet. 

16  Feet 

20  Feet 

.442 

112.23 

170.94 

229.66 

405.80 

464.62 

681.93 

699.36 

934.21 

1169.06 

.443 

112.60 

171.51 

230.43 

348.25 

407.17 

466.08 

683.89 

701.68 

937.37 

1173.02 

.444 

112.97 

172.08 

231.20 

349.42 

408.54 

467.64 

685.86 

704.04 

940.68 

1176.98 

.445 

113.34 

172.65 

231.97 

360.59 

409.91 

469.21 

687.83 

706.46 

943.70 

1180.94 

.446 

113.71 

173.22 

232.74 

351.76 

411.28 

470.78 

589.80 

708.83 

946.87 

1184.92 

.447 

114.08 

173.79 

233.51 

3,52.93 

412.65 

472.36 

691.77 

711.21 

960.04 

1188.90 

.448 

114.45 

174.36 

2M.28 

354.10 

414.02 

473.92 

693.74 

713.69 

963.22 

1192.88 

.449 

114.82 

176.13 

235.05 

355.28 

416.89 

476.49 

696.72 

716.97 

966.40 

1196.86 

.450 

115.20 

175.51 

235.83 

356.46 

416.77 

4^7.07 

597.70 

718.36 

969.58 

1200.84 

.451 

115,57  176.08 

236.61 

357.63 

418.15 

478.75 

699.68 

720.73 

962.77 

1204.84 

.452 

115.94 

176.65 

237.38 

358.81 

419.53 

480.83 

601.67 

723.11 

966.96 

1208.84 

.453 

116.31 

177.22 

238.16 

359.99 

420.91 

481.91 

603.66 

725.49 

969.16 

1212.84 

.454 

116.68 

177.80 

238.91 

361.17 

422.29 

483.50 

605.66 

727.88 

972.36 

1216.84 

.455 

117.06 

178.38 

239.71 

362.;^5 

423.67 

484.99 

607.64 

730.27 

975.66 

1220.86 

.456 

117.43 

178.95 

240.50 

363.53 

425.06 

^wO-Do 

609.63 

732.67 

978.77 

1224.87 

.457 

117.80 

179.53 

241.30 

364.71 

426.46 

488.17 

611.62 

735.07 

981.96 

1228.90 

.458 

118.18 

180.11 

242.10 

365.90 

427.86 

489.76 

613.61 

737.47 

985.19 

1232.93 

.459 

118.56 

180.69 

242.90 

367.09 

429.26 

491.35 

615.61 

739.88 

988.40 

1236.96 

.460 

118.94 

181.27 

243.60 

368.28 

430.61 

492.94 

617.61 

742.29 

991.62 

1240.99 

.461 

119.31 

181.85 

244.38 

369.47 

432.00 

494.54 

619.61 

744.70 

994.86 

1246.03 

.462 

119.68 

182.43 

245.16 

370.66 

433.40 

496.14 

621.61 

747.10 

998.08 

1249.07 

.463 

120.06 

183.01 

245.94 

371.85 

434.80 

497.74 

623.62 

749.61 

1001.31 

1263.11 

.464 

120.44 

183.59 

246.72 

373.04 

436.20 

499.34 

625.63 

751.92 

1004.64 

1257.16 

.465 

120.82 

184.17 

247.50 

374.23 

437.60 

600.94 

627.64 

754.35 

1007.77 

1261.19 

.466 

121.19 

184.75 

248.29 

375.42 

439.06 

502.54 

629.66 

756.77 

1011.01 

1266.26 

.467 

121.57 

185.33 

249.08 

376.62 

440.40 

504.14 

631.68 

759.29 

1014.26 

1269.31 

.468 

121.95 

185.91 

249.87 

377.82 

441.80 

505.75 

633.70 

761.72 

1017.60 

1278.38 

.469 

122.33 

186.49 

250.66 

379.02 

442.20 

507.36 

635.72 

764.16 

1020.76 

1277.46 

.470 

T22.71 

187.08 

251.46 

380.22 

444.60 

508.97 

637.75 

766.49 

1024.00 

1281.52 

.471 

123.08 

187.66 

252.25 

381.42 

446.00 

510.57 

639.77 

768.93 

1027.26 

1286.61 

.472 

123.47 

188.24 

253.04 

382.62 

447.41 

512.21 

641.79 

771. »7 

1030.62 

1289.70 

.473 

128.85 

188.83 

253.a3 

383.83 

448.81 

613.85 

648.82 

773.81 

1033.78 

1293.79 

.474 

124.23 

189.42 

254.62 

385.04 

449.62 

514.49 

645.85 

776.25 

1037.04 

1297.88 

.475 

124.60 

190.01 

255.42 

386.24 

451.64 

617.17 

647.88 

778.71 

1040.30 

1301.96 

.476 

124.98 

190.59 

256.21 

387.45 

453.05 

518.83 

649.91 

781.16 

1043.68 

1306.06 

.477 

125.36 

191.18 

257.00 

888.66 

454.47 

520.49 

651.94 

783.61 

1046.86 

1310.17 

.478 

125.74 

191.77 

257.80 

389.87 

455.89 

622.16 

653.98 

786.06 

1060.16 

1314.28 

.479 

126.12 

192.36 

258.60 

391.08 

457.31 

523.83 

656.02 

788.51 

1063.44 

1318.39 

.480 

126.51 

192.95 

259.40 

392.29 

458.73 

525.18 

658.06 

790.96 

1066.73 

1322.60 

.481 

126.89 

193.54 

260.19 

393.60 

460.16 

526.81 

660.10 

793.43 

1060.02 

J326.63 

.482 

127.27 

194.13 

260.99 

394.71 

461.68 

528.44 

662.16 

796.90 

1068.81 

1330.76 

.483 

127.65 

194.72 

261.79 

395.93 

463.01 

630.07 

664.20 

798.37 

1066.60 

1334.89 

.484 

128.05 

195.13 

262.59 

397.15 

464.44 

531.70 

666.25 

800.84 

1069.90 

1339.03 

.485 

128.42 

195.90 

263.89 

398.37 

465.87 

533.33 

668.30 

803.31 

1073.20 

1343.17 

.486 

128.80   196.49 

264.19 

399.59 1  467.29 

534.97 

670.36 

806.78 

1076.61 

1347.32 

.487 

129.18 

197.08 

264.99 

400.811  469.71 

586.61 

672.42 

808.26 

1079.82 

1361.47 

.488 

129.56 

197.68 

265.79 

402.03   471.14 

538.25 

674.48 

810.74 

1083.13 

1356.62 

.489 

129.95 

198.28 

266.59 

403.25   472.57 

639.89 

676.54 

813.22 

1086.46 

1359.77 

.490 

130.34 

198.88 

267.41 

404.47   473.00 

541.53 

678.60 

816.70 

1089.70 

1363.92 

.491 

130.72 

199.47 

268.21 

405.69  474.44 

543.17 

680.66 

818.18 

1093.04 

1868.09 

.492 

131.10 

200.06 

269.01 

406.92  475.88 

544.81 

682.73 

820.66 

1096.39 

1372.26 

.493 

181.49 

200.66 

269.82 

408.15  477.32 

546.45 

684.80 

823.14 

1099.74 

1376.43 

.494 

131.88 

201.26 

270.63 

409.38  478.76 

548.10 

686.87 

825.62 

1103.09 

1380.60 

.495 

132.27 

201.86 

271.44 

410.61  480.20 

519.75 

688.94 

828.10 

1106.44 

1384.78 

.496 

132.66 

202.46 

272.25 

411.&4  481.64 

551.41 

691.02 

830.60 

1109.92 

1388.97 

.497 

133.05 

203.06 

273.06 

413.07  483.08 

553.07 

693.10 

833.10 

1113.40 

1393.16 

.498 

133.44 

203.66 

273.87 

414.80  484.52 

554.73 

695.18 

835.60 

1116.88 

1397.36 

.499 

133.83 

204.26 

274.68 

415.54  485.97 

556.39 

697.26 

838.11 

1120.36 

1401.64 

3^i 


9gBJUKmtm  or  watmr,  in  cubic  temt  pjbr  Mnrorn,  itiOWiiio  orst 

OP  DIFFESBNT  LENGTHS,  WITH  VARYING  DEPTHS  OP  WATER. 


Dspth 

Wdr. 

LKKGTH  OF  THB  WBIR. 

PMt. 

2  Feet 

8  Feet. 

4  Feet 

6  Feet. 

7  Feet. 

8  Feet. 

10  Feet. 

12  Feet 

16  Feet 

aOFeet 

JWO 

134.22 

204.86 

275.50 

416.78 

487.42 

558.06 

699.34 

840.62 

1128.18 

1406.74 

..601 

134.61 

205.46 

276.31 

418.01 

488.87 

559.72 

701.42 

813.13 

11264)4 

1408.96 

.602 

135.00 

206.06 

2n.l2 

419.25 

490.32 

561.38 

703.51 

845.64 

1129.90 

1414.16 

.608 

135.39 

206.66 

277.93 

420.49 

491.77 

563.04 

705.60 

848.15 

1133.26 

1418.37 

.604 

1.15.78 

207.26 

278.74 

421.78 

493.22 

564.71 

707.69 

850.66 

1136.62 

1422.58 

.606 

136.16 

207.86 

279.57 

422.97 

494.67 

566.38 

709.78 

853.18 

1139.99 

1426.80 

.606 

136.55 

208.46 

280.38 

424.21 

496.13 

568.05 

711.87 

855.70 

1143.37 

1431.03 

.607 

136.94 

209.06 

281.20 

425.45 

497.59 

569.72 

713.97 

858.22 

1146.75 

1435.27 

.606 

137.33 

209.67 

282.02 

426.70 

499.05 

571.39 

716.07 

860.75 

1150.13 

1439.51 

.609 

137.72 

210.28 

282.84 

427.95 

500.57 

573.06 

718.17 

863.28 

1153Jn 

1443.75 

.610 

138.12 

210.S9 

283.66 

429.20 

501.97 

574.74 

720.27 

865.81 

1156.69 

1447.94 

.611 

138.51 

211.50 

211.71 

430.45 

503.43 

576.41 

722.38 

868.34 

1160.28 

1453.20 

.612 

138.90 

212.11 

212.53 

431.70 

504.89 

578.09 

724.49 

870.88 

1163.67 

1408.46 

.613 

139.29 

212.71 

213.35 

4.'t2.95 

506.35 

579.77 

726.60 

873.42 

1167.07 

1462.72 

.614 

139.68 

213.32 

214.17 

434.20 

507.82 

581.45 

728.71 

875.98 

1170.47 

1466.46 

.615 

140.08 

213.92 

287.76 

435.45 

509.29 

583.13 

730.82  878JW 

1173.87 

1469.24 

J616 

140.47 

214.53 

288.58 

436.70 

510.76 

584.81 

732.93 

881.05 

1177.28 

1474.51 

.617 

140.86 

215.14 

289.40 

437.95 

512.23 

586.40 

735.05 

883.60 

1180.69 

1478.78 

.618 

141.25 

215.75 

290.23 

439.21 

513.70 

588.09 

737.17 

886.15 

1184.11 

1483.06 

.619 

141.64 

216.36 

291.06 

440.47 

675.17 

589.78 

739.29 

888.70 

1187.53 

1487.34 

JS20 

142.05 

216.97 

291.89 

441.73 

516.65 

591.57 

741.41 

891.25 

1190.94 

1490.62 

.621 

142.45 

217.58 

292.71 

442.99 

518.13 

593.26 

743.54 

893.81 

1194.36 

1494.91 

.622 

142.85 

218.19 

293.54 

444.25 

519.61 

594.95 

746.67 

896.37 

1197.79 

1498.20 

.628 

143.25 

218.80 

294.37 

432.95 

521.09 

596.65 

747.80 

898.93 

1201.22 

1603.49 

.624 

143.65 

219.41 

295.20 

434.20 

522.57 

598.35 

749.93 

901.49 

1204.66 

1507.79 

jm 

144.03 

220.03 

296.03  448.04 

524.05 

600.05 

752.06 

904.06 

1208.08 

1612.09 

JBM 

144.43 

220.64 

296.86  449.30 

525.53 

601.75 

754.19 

906.63 

1211.52 

1616.40 

.527 

144.83 

221.25 

297.69,  460.57 

527.01 

603.45 

756.33 

909.20 

1214.96 

1620.71 

.628 

145.23 

221.86 

298.52!  451 M 

628.49 

605.15 

758.47 

911.77 

1218.40 

1525.03 

.629 

145.60 

222.47 

299.36   453.11 

429.98 

606.85 

760.61 

914.34 

1221.85 

1529.36 

.680 

146.01 

223.10 

300.20 

454.38 

531.47 

608.56 

762.75 

916.93 

1225.30 

1533.67 

.681 

146.41 

223.72 

301.03 

455.65 

532.96 

610.27 

764.89 

919.51 

1228.76 

1638.00 

.632     146.811 

224.34 

301.86 

456.92 

534.45 

611.98 

767.04 

922.09 

1232.12 

1642  J3 

JiS» 

147.21 

224.96 

302.70 

458.19 

535.94 

613.69 

769.19 

924.68 

1235.58 

1646.66 

.634 

147.61 

225.58 

303.54 

459.47 

537.43 

615.40 

771.34 

927.27 

1239.04 

1661.00 

.6% 

148.01 

226.19 

304.38 

460.75 

538.93 

617.12 

773.49 

929.86 

1242.60 

1666.34 

.686 

148.41 

226.81 

305.21 

462.02 

540.43 

618.83 

775.64 

932.45 

1246.07 

1689.68 

.BSl 

148.81 

227.43 

306.05 

463.30 

541.93 

620.55 

777.80 

935.05 

1249  JH 

1664.04 

.638 

149.21 

228.05 

306.89 

464.58 

543.43 

622.27 

779.96 

937.65 

1253.02 

1668.40 

.680 

149.61 

228.67 

307.73 

465.86 

544.93 

623.99 

782.12 

940.25 

1266.00 

1572.76 

.640 

150.01 

229.29 

308.57 

467.14 

546.43 

625.71 

784.28 

942.85 

1258.98 

1677.12 

.641 

150.41 

229.91 

309.41 

468.42 

547.93 

627.43 

786.44 

945.45 

1263.47 

1681.48 

.642 

150.81 

230.53 

310.25 

469.70 

549.43 

629.15 

788.61 

948.06 

1266.96 

1686.86 

.648 

151.21 

231.15 

311.09 

470.98 

550.93 

630.88 

790.78 

960.67 

1270.45 

1680.23 

.644 

151.61 

231.77 

311.94 

472.27 

552.44 

632.61 

792.95 

953.22 

1273.94 

1684.61 

.646 

152.01 

232.40 

312.79 

473.56 

553.95 

634.34 

795.12 

966.89 

1277.44 

1688.98 

.646 

152.41 

233.03 

313.63 

475.85 

555.46 

636.07 

797.29 

958.61 

1280.96 

1803.38 

.647 

152.81 

233.66 

314.47 

477.14 

556.97 

637.80 

799.46 

961.13 

1284.46 

ieo7.n 

.648 

153.21 

234.29 

315.32 

478.43 

558.48 

639.53 

801.64 

963.75 

1287.97 

1612.17 

.640 

153.61 

234.92 

316.27 

479.72 

559.99 

641.27 

803.82 

966.37 

1291.48 

1816.67 

.660 

154.03 

235.53 

317.02 

480.01 

561.51 

643.01 

806.00 

968.00 

1284.98 

1«90.97 

.651 

154.43 

236.16 

317.87 

481.30 

563.02 

644.75 

808.18 

971.63 

1298JU 

1826.38 

.552 

154.83 

236.79 

318.72 

482.59 

664.54 

646.49 

810.36 

974.26 

1302.03 

1828.71 

.553 

155.23 

237.42 

319.57 

483.89 

566.06 

648.23 

812.64 

976.88 

1305.55  1634.12 

.554     155.63 

238.05 

320.42 

485.19 

567.58 

649.97 

814.72'  979.52 

1 

1300.07   1638.54 
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Depth 

on 
Weir. 


FmC 


.665 

.656 

.657 

.568 

.669 

.660 

.661 

.662 

.663 

.664 

.666 

.666 

.667 

.668 

.668 

.670 

.671 

.672 

.673 

.674 

.675 

.676 

.677 

.678 

.679 

.680 

.681 

.682 

.583 

.681 

.585 

.58a 

.687 
.588 
.589 
.590 
.691 
.592 
.693 
.694 
.696 
.696 
.697 
.598 
.699 
.600 
.601 
.602 
.603 
.604 
.605 
.606 
.607 
.608 
.609 
.610 
.611 
.612 


LBKOTH  OF  THB  WEIR. 


2Fe«t 


156.06 

156.46 

166.87 

167.28 

167.69 

158.08 

158.49 

158.00 

168.41 

168.82 

160.12 

160.53 

160.94 

161.35 

161.76 

162.16 

162.67 

162.98 

163.39 

163.80 

164.21 

164.42 

164.83 

165.24 

165.66 

166.27 

166.69 

167.11 

167.53 

167.95 

168.34 

168.76 

169.18 

169.60 

070.02 

170.41 

170.83 

171.25 

171.66 

172.08 

172.49 

172.91 

173.33 

173.75 

174.17 

174.67 

174.99 

175.41 

175.83 

176.26 

176.67 

177.09 

177.51 

177.94 

178.37 

178.77 

179.19 

179.61 


3  Feet. 


238.66 

239.29 

239.92 

240.55 

241.18 

241.81 

242.44 

243.07 

243.70 

244.33 

244.97 

245.61 

246.25 

246.89 

247.54 

248.19 

248.82 

249.45 

250.08 

250.71 

251.33 

251.93 

252.53 

253.13 

263.73 

254.53 

265.17 

255.81 

256.45 

257.09 

257.74 

258.38 

259.02 

259.66 

260.31 

260.96 

261.60 

262.24 

262.89 

263.54 

264.19 

264.83 

265.48 

266.13 

266.78 

267.43 

268.08 

268.73 

269.38 

270.03 

270.69 

271.34 

271.99 

272.&4 

273.30 

273.96 

274.61 

275.26 


4  Feet 


321.27 

322.12 

322.97 

323.82 

324.68 

325.54 

326.39 

327.24 

328.10 

328.96 

329.82 

330.68 

331.54 

332.40 

333.26 

334.13 

334.99 

335.85 

336.71 

337.68 

338.45 

339.31 

340.17 

341.04 

341.91 

342.78 

343.65 

344.52 

345.39 

346.26 

347.13 

348.00 

348.87 

349.74 

350.62 

351.50 

352.37 

353.25 

354.13 

355.01 

355.89 

356.77 

357.65 

358.53 

359.41 

360.29 

361.17 

362.05 

362.93 

363.82 

364.71 

365.59 

366.48 

367.37 

368.26 

369.15 

370.04 

370.93 


6  Feet.  7  Feet. 


486.49 

487.79 

489.09 

490.39 

491.69 

493.00 

494.30 

495.60 

496.91 

498.22 

499.53 

500.84 

502.15 

503.46 

604.77 

506.09 

507.40 

508.72 

510.04 

511.36 

612.68 

514.00 

515.32 

516.64 

517.96 

519.29 

520.61 

621.94 

523.27 

524.60 

525.93 

527.26 

628.59 

529.92 

531.26 

532.60 

533.93 

535.27 

636.61 

537.95 

539.29 

540.63 

541.97 

543.31 

544.66 

546.01 

547.36 

548.71 

550.06 

551.41 

552.76 

554.11 

555.46 

556.81 

558.17 

559.53 

560.88 

562.24 


569.10 

570.62 

572.14 

673.67 

675.20 

576.73 

578.26 

679.79 

581.32 

582.85 

684.38 

585.91 

587.45 

590.53 

592.07 

593.61 

595.15 

596.69 

598.24 

599.79 

601.34 

602.89 

604.44 

605.99 

607.54 

609.09 

610.65 

612.21 

613.77 

615.33 

616.89 

618.45 

620.01 

621.87 

623.14 

624.71 

626.28 

627.85 

629.42 

630.99 

632.56 

634.10 

635.68 

637.26 

638.87 

640.45 

642.03 

643.61 

645.19 

646.78 

648.36 

649.95 

651.54 

653.13 

654.72 

656.31 

658.03 


8  Feet. 


661.71 

653.46 

655.25 

657.00 

658.75 

660.46 

662.21 

663.96 

665.72 

667.481 

669.24 

671.00 

672.76 

674.52; 

676.28 

678.05 

679.82 

681.59 

683.36 

685.13 

686.91 

688.68 

690.46 

692.24 

694.02 

695.80 

697.58 

699.36 

701.15 

702.94 

704.73 

706.52 

708.31 

710.10 

711.89 

713.69 

715.49 

717.29 

719.09 

720.89 

722.09 

724.49 

726.30 

728.11 

729.92 

731.73 

733.54 

735.35 

737.16 

738.98 

740.80 

742.62 

744.44 

746.26 

748.08 

749.91 

751.73 

753.56 


10  Feet. 


816.93 

819.12 

821.32 

823.52 

825.72 

827.92 

830.12 

832.32 

834.52 

836.73 

838.94 

841.15 

843.36 

845.58 

847.80 

850.02 

862.24 

854.46 

856.68 

858.91 

861.14 

863.37 

865.60 

867.83 

870.07 

872.31 

874.55 

876.79 

879.08 

881.27 

883.52 

885.77 

888.02 

890.27 

892.52 

894.78 

897.04 

899.30 

901.56 

903.82 

906.09 

908.36 

910.63 

912.90 

915.17 

917.44' 

919.72' 

922.00 

924.28 

926.56 

928.84 

9:il.l2 

933.41 

935.70 

937.99 

940.28 

942.57 

944.87 


IS  Feet 


982.16 
984.80 
987.48 
990.12 
992.76 
995.37 
998.02 
1000.67 
1003.33 
1005.99 
1008.65 
1011.31 
1013.97 
1016.54 
1019.21 
1021.98 
1024.65 
1027.33 
1030.01 
1032.69 
1035.37 
1038.06 
1040.75 
1043.44 
1046.13 
1048.82 
1051.52 
1054.22 
1056.92 
1059.62 
1062.32 
1064.03 
1066.74 
1069.45 
1072.16 
1075.88 
1078.60 
1081.32 
1084.04 
1086.76 
1089.49 
1092.22 
1094.95 
1097.68 
1100.42 
1103.16 
1106.80 
1108.54 
1111.28 
1114.03 
1116.88 
1119.63 
1122.38 
1125.14 
1127.90 
1130.66 
1133.42 
1136.19 


16  Feet. 


1312.60 

1316.13 

1319.67 

1323.21 

1326.74 

1330.29 

1333.84 

1337.39 

1340.94 

1344.50 

1348.06 

1361.63 

1365.20 

1368.77 

1362.27 

1365.91 

1369.49 

1373.07 

1376.66 

1380.25 

1383.84 

1387.44 

1391.04 

1394.64 

1398.24 

1401.84 

1405.45 

1409.06 

1412.67 

1416.28 

1419.91 

1423.64 

1427.17 

1430.80 

1434.43 

1438.07 

1441.71 

1445.35 

1448.99 

1452.63 

1456.29 


to  Feet. 


1643.04 

1647.47 

1661.90 

1666.33 

1660.77 

1665.21 

1669.66 

1674.11 

1678.66 

1683.02 

1687.48 

1691.95 

1696.42 

1700.89 

1705.36 

1709.84 

1714.33 

1718.82 

1723.31 

1727.80 

1732.30 

1736.81 

1741.32 

1745.83 

1750.34 

1754.86 

1759.39 

1764.92 

1769.45 

1773.98 

1777.51 

1782.05 

1786.60 

1791.15 

1795.70 

1800.25 

1804.81 

1809.38 

1814.96 

1819.52 

1823.09 


1459.9511827.67 
1463.61,1832.26 
1467.27|  1836.85 
1470.93!  1841.44 
1474.60!  1846.03 


1478.27 
1481.94 
1485.61 
1489.29 
1492.97 
1496.66 
1500.35 
1504.04 


1850.63 
1855.23 
1859.84 
1864.45 
1869.06 
1873.68 
1878.30 
1882.92 


1507.73' 1887.55 
1511.42|1892.18 
1515.12  1896.82 
1518.82  1901.46 
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on 
Weir. 


Feet 


613 
.614 
.615 
.616 
617 
.«18 
.619 
.620 
.621 
.622 
623 
.624 
.625 
.626 
.627 
628 
629 
630 
.631 
.032 
.033 
.634 
.336 
*« 
d37 
.638 
■639 
.640 
641 
.642 
.643 
.644 
.615 
.616 
.617 
.6J8 
.649 
.650 
.651 
.652 
.663 
.664 
.655 
.656 
.657 
.658 
.659 
.660 
.661 
.602 
.663 
.664 
.665 
.666 
.667 
.608 
.6:9 
.G70 


LENGTH  OF  THE  WEIR. 


'i  Feet. 


3  Feel. 


180.04 

180.47 

180.87 

181.30 

181.73 

182.16 

182.59 

182.99 

183.42 

183.86 

184.28 

1&4.71 

185.10 

185.53 

185.96 

186.39 

186.82 

187.23 

187.66 

188-09 

188.52 

188.95 

189.36 

189.79 

190.22 

190.65 

191.08 

191.50 

191.93 

192.36 

192.79 

193.22 

193.65 

191.08 

191.51 

194.91 

195.37 

195.80 

196.23 

196.66 

197.09| 

197.521 

19795 

198.38 

198.81 

199.24 

199.67 

200.12 

200.55 

200.98 

201.41 

201.84 

202.29 

202.72 

203.16 


4  Feet. 


276.91 

276.57 

277.23 

277.89 

278.55 

279.21 

279.87 

280.63 

281.19 

281.85 

282.51 

283.17 

283.83 

281.49 

285.15 

285.81 

286.47 

287.14 

287.80 

288.46 

289.12 

289.79 

290.46 

291.12 

291.78 

292.45 

293.12 

29.3.80 

291.46 

295.12 

295.79 

296.46 

297.14 

297.81 

298.48 

299.15 

299.82 

300.50 

301.17 

301.84 

302.51 

303.19 

303.87 

301.51 

■.vx>:i\ 
,305.88 
,306.50 
.307.25 
.307.92 
,308.-59 
:^09.27 
309.95 
310.64 
311. .32 
312.00 
312.68 
313.36 
314.(H 


6  Feet. 


7  Feet. 


371.82 

372.71 

373.60 

374.49 

375.:« 

376.27 

377.16 

378.07 

378.96 

379.85 

380.75 

381.65 

382.55 

383.46 

384.37 

385.28 

386.18 

387.05 

387.95 

388.85 

389.75 

390.65 

391.56 

392..36 

393.27 

391.18 

395.09 

396.10 

397.00 

397.91 

-398.82 

399.73 

400.64 

401. .55 

402.46 

403.37 

404.29 

405.21 

406.12 

407.03 

407.94 

408.86 

409.78 

410.(50 

411. .52 

412.44 

413..% 

414..38 

415.30 

416.22 

417.14 

418.07 

418.99 

419.91 

420.83 

421 .7.-) 

422.68 

423.61 


563.60 

564.96 

.566.32 

567.68 

669.04 

570.41 

571.78 

573.15 

574.51 

575.88 

577.25 

578.63 

679.99 

581.36 

582.73 

584.11 

585.49 

586.87 

588.25 

589.63 

591.01 

592..39 

593.77 

.595.15 

.596.-53 

597.91 

599..30 

600.69 

602.08 

603.47 

604.86 

606.25 

607.64 

609.03 

610.42 

611.82 

613.22 

614.62 

616.01 

617.41 

618.81 

620.21 

621.61 

623.01 

624.41 

625.82 

627.23 

628.64 

6.30.05 

6.31.46 

6:i2.87 

634.28 

6.35.69 

637.10 

6:58.51 

639.92 

641.34 

642.76 


669.75 
661.34 
662.68 
6&4.28 
665.88 
667.48 
669.08 
670.68 
672.28 
673.79 
675.40 
677.01 
678.72 
680.33 
681.94 
683.56 
685.16 
686.78 
688.39 
690.01 
691.63 
693.25 
694.87 
696.49 
698.11 
699.73 
701.36 
702.99 
704.62 
706.25 
707.88 
709.51 
711.14 
712.77 
714.40 
716.04 
717.68 
719.32 
720.96 
722.60 
724.24 
725.88 
727. .5:5 
729.17 
730.82 
732.47 
734.12 
7:«.77 
7.37.42 
7.39.07 
740.72 
742.38 
744.04 
745.70 
747.36 
749.02 
750.68 
752.34 


8  Feot. 


10  Feet. 


756.39 

757.22 

769.06 

760.88 

762.71 

7fr4.55 

766.39 

768.23 

770.07 

771.91 

773.75 

776.59 

777.44 

779.29 

781.14 

782.99 

7*4.84 

786.69 

788.M 

790..39 

792.25 

794.11 

795.97 

797.83 

799.69 

801.55 

803.12 

8a'5.29 

807.16 

809.03 

810.90 

812.77 

814.64 

816.51 

818.38 

820.26 

822.14 

824.02 

825.90 

827.78 

829.66 

8.31.55 

8a3.44 

835..33 

837.22 

8,39.11 

841  .(»0 

842.90 

844.79 

84^>.()9 

848.,59 

8.50.49 

8-52.39 

8.>1.31 

856.2.3 

858.15 

860.08 

861.91 


947.17 

949.47 

951.77 

954.07 

9.56.38 

958.C9 

961.(0 

96;i.31 

966.62 

967.93 

970.24 

972.55 

974.88 

977.20 

979..52 

981.84 

984.17 

986.50 

988.83 

991.16 

993.49 

995.83 

918.17 

1000.51 

1002.85 

1005.19 

1007.53 

1009.88 

1012.23 

1014.68 

1016.93 

1019.28 

1021.(^1 

1023.99 

1026.35 

1028.71 

1031.07 

1033.43 

1035.80 

1038.17 

1040.64 

1042.91 

1045.28 

1047.65 

1050.02 

1052.40 

1054.78 

,10.57.16 

10.59.55 

1061.95 

1064. .35 

1066.75 

1069.09 

1071.48 

1073.87 

1076.26 

1078.(56 

1081.06 


12  Feet. 


1138.96 
1141.73 
1144.50 
1147.27 
1150.05 
1152.83 
116.5.61 
1158.39 
1161.17 
1163.9(5 
1166.75 
1169.54 
1172.33 
1175.12 
1177.92 
1180.72 
118:3.52 
1186.32 
1189.1b 
1191.94 
11JW.76 
1197.56 
1200.37 
1203.19 
1206.01 
1208.83 
1211.66 
1214.48 
1217.31 
1220.14 
1222.97 
1225.80 
1228.63 
1231.47 
12^.31 
1237.21 
1240.05 
1 242.^4 
124,5.69 
1248.64 
1251  .,39 
12.54.24 
12.57.10 
1259.96 
1262.82 
1265.68 
1268..56 
1271.42 
1274.'29 
1277.16 
1280.03 
1282.91 
I2a5.79 
1288.67 
1291  .,55 
12»4.43 
1297.32 
1300.21 


16  Keet. 


522..'S3 
626.24 
629.95 
533.67 
537.39 
541.11 
544.83 
648.56 
562.28 
556.01 
669.74 
663.48 
667.22 
570.96 
574.71 
578.46 
.'>82.21 
685.96 
589.72 
593.48 
597.24 
601.01 
604.78 
606.97 
610.37 
614.17 
617.97 
623.67 
627.46 
631.25 
635.04 
638.83 
W2.63 
646.43 
650.23 
654.04 
657.85 
661.66 
665.48 


20  Feet 


1906.10 
19HI.70 
1915.40 
1920.(H5 
1924.72 
1929.78 
1934.04 
19^8.71 
1913.39 
1948.07 
1952.45 
1957.43 
1962.11 
1966.76 
1971.42 
1976.08 
1970.74 
1985.60 
1990.31 
1995.02 
1999.74 
2004.46 
2009.18 
2013.19 
20l8.(H 
2023.38 
2028.12 
2032.W; 
2037.61 
2(M2.»5 
2047.11 
2051.86 
2056.62 
2061.39 
2066.16 
207«.93 
2075.70 
2('8().48 
2(85.26 


669.30  2090.05 


673.12 
676.94 
68(>.76 
684  ..59 


2094.84 
2099.63 
21(H.42 
2109.22 


688.42  2114.03 
692.261211 8.84 
690.10  212;3.65 


699.94 
703.79 
707.64 
711.49 
71.5.34 
719.19 
72.3.05 
726.91 
730.71 
734.63 
738.60 


2128.46 
2133.28 
21?8.10 
2142.92 
2147.75 
2162.58 
2157.42 
2162.26 
2167.10 
2171.95 
2176.80 
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Itopth 

on 
Weir. 

LBlfOTH  OF  THE  WEIB. 

Feet. 

8  Feet. 

4  Feet. 

6  Feet. 

7  Feet. 

8  Feet 

10  Feet 

12  Feet 

16  Feet 

90  Feet 

.671 

314.72 

424.63 

644.*18 

764.00 

863.82 

1083.46 

1303.10 

1742.37 

2181.66 

.672 

316.40 

425.46 

646.60 

765.66 

866.73 

1085.86 

1306.99 

1746.26 

2186.62 

.673 

316.08 

426.39 

647.02 

757.32 

867.64 

1088.26 

1308.88 

1750.13 

2191.38 

.674 

316.76 

427.32 

648.44 

758.99 

869.55 

1090.66 

1311.78 

1754.01 

2196.24 

.675 

317.45 

428.25 

649.86 

760.66 

871.47 

1093.07 

1314.68 

1757.89 

2201.10 

.676 

318.13 

429.28 

651.28 

762.33 

873.38 

1095.48 

1317.58 

1761.78 

2205.97 

.677 

318.81 

430.21 

662.70 

764.00 

875.30 

1097.89 

1320.48 

1765.67 

2210.85 

.678 

319.60 

431.14 

664.12 

765.67 

877.22 

1100.30 

1323.38 

1769.56 

2215.73 

.679 

320.19 
320.87 

432.07 

635.55 

767.34 

879.14 

1102.71 

1326.29 

1773.45 

2220.61 

.680 

432.91 

656.98 

769.02 

881.06 

1105.13 

1329.20 

1777.34 

2225.49 

.681 

321.55 

433.84 

658.41 

770.69 

882.98 

1107.54 

1332.11  j  1781.24 

2230.38 

.682 

322.23 

434.77 

659.84 

772.36 

884.90 

1109.96 

1335.02 

1785.14 

2235.27 

.683 

322.92 

435.70 

661.23 

774.04 

886.82 

1112.38 

1337.93 

1789.05 

2240.17 

.684 

323.61 

436.64 

662.66 

776.72 

888.75 

1114.80 

1340.85 

1792.96 

2245.07 

.685 

324.30 

437.58 

mi.vs 

777.40 

890.68 

1117.22 

1343.77 

1796.87 

2249.97 

.686 

324.99 

438.51 

665.66 

779.08 

892.61 

1119.64 

1346.69 

1800.78 

2254.88 

.687 

326.68 

439.44 

666.99 

780.76 

894.54 

1132.07 

1349.61 

1804.70 

2259.79 

.688 

326.37 

440.38 

668.42 

782.44 

896.47 

1134.50 

1352.54  1  1808.62 

2264.70 

.689 

327.06 

441.32 

669.86 

784.12 

898.40 

1136.93 

1355.47 

1812.52 

2269.61 

.690 

327.76 

442.26 

671.30 

785.81 

900.33 

1129.36 

1358.40 

1816.46 

2274.53 

.691 

328.44 

443.20 

672.73 

787.50 

902.26 

1131.79 

1361.33 

1820.39 

2279.45 

.692 

329.13 

444.14 

674.17 

789.19 

904.20 

1134.23 

1364.26 

1824.32 

2284.37 

.693 

329.82 

445.08 

675.61 

790.88 

906.14 

1136.67 

1367.19  !  1828.25 

2289.30 

.694 

330.61 

446.02 

677.05 

792.57 

908.18 

1139.11 

1370.13 

1832.19 

2294.23 

.696 

331.20 

446.96 

678.49 

794.26 

910.02 

1141.55 

1373.07 

1836.13 

2299.18 

.696 

331.89 

447.90 

679.93 

795.95 

911.96 

1143.99 

1376.01 

1840.07 

2304.13 

.697 

332.58 

448.96 

681.37 

797.64 

913.90 

1146.43 

1378.95 

1844.01 

2309.08 

.696 

383.27 

449.83 

682.81 

799.;33 

915.84 

1148.87 

1381.90 

1847.96 

2314.03 

.699 

333.96 

450.80 

684.26 

801.02 

917.79 

1151.32 

1384.86 

1851.91 

2318.98 

.700 

334.66 

451.69 

685.71 

802.72 

919.74 

1153.77 

1387.80 

1855.86 

2323.92 

.701 

336.36 

452.63 

687.15 

804.42 

921.69 

1156.22 

1390.75 

1859.82 

23?8.88 

.702 

336.04 

453.57 

688.60 

806.12 

923.64 

1158.67 

1393.70 

1863.78 

2333.84 

.703 

336.74 

454.51 

690.06 

807.82 

925.59 

1161.12 

1396.66 

1867.74 

2338.81 

.704 

337.44 

455.46 

691.50 

809.52 

927.54 

1163.C8 

1399.56 

1871.70 

2343.78 

.705 

338.14 

456.41 

692.95 

811.22 

929.49 

1166.04 

1402.f58 

1875.66 

2348.75 

.706 

338.83 

457.35 

694.40 

812.92 

931.44 

1168.50 

1405.54 

1879.73 

2353.73 

.707 

339.62 

468.30 

695.85 

814.62 

933.40 

1170.96 

14C8.50 

1883.70 

2358.71 

.708 

340.22 

469.05 

697.30 

816.33 

935.36 

1173.42 

1411.47 

1887.67 

2363.69 

.709 

340.92 

460.00 

698.76 

818.04 

937.32 

1175.88 

1414.44 

1891.65 

2368.67 

.710 

341.62 

461.16 

700.22 

819.75 

939.28 

1178.34 

1417.41 

1895.53 

2373.66 

.711 

342.32 

462.10 

701.67 

821.46 

941.24 

1180.79 

1420.38 

1899.51 

2378.66 

.712 

343.02 

463.05 

703.12 

823.17 

943.20 

1183.24 

1423.35 

1903.50 

2383.66 

.713 

343.72 

464.00 

704.58 

824.88 

945.16 

1185.09 

1426.32 

1907.49 

2388.66 

.714 

844.42 

464.95 

706.04 

826.59 

947.13 

1188.14 

1429.30 

1911.48 

2393.66 

.715 

345.12 

465.91 

707.50 

828.30 

949.10 

1190.69 

1432.28 

1915.47  2398.66 

.716 

346.82 

466.86 

708.96 

830.01 

951.07 

1193.16 

1435.26 

1919.47 

2403.67 

.717 

346.62 

467.81 

710.42 

831.72 

953.04 

1195.64 

1438.24 

1923.47 

24C8.68 

.718 

347.22 

468.77 

711.88 

833.44 

955.01 

1198.12 

1441.23 

1927.47 

2413.70 

.719 

347.92 

469.73 

713.35 

835.16 

956.98 

1200.60 

1444.22 

1931.47 

2418.72 

.720 

348.62 

470.69 

714.82 

836.88 

958.95 

1203.08 

1447.21 

1935.48 

2423.74 

.721 

349.32 

471.64 

716.30 

838.60 

960.92 

1205.56 

1450.20 

1939.49 

2428.77 

.722 

360.02 

472.69 

717.76 

840.32 

962.89 

1208.04 

1453.19 

1943.50 

2433.80 

.723 

360.72 

473.56 

719.23 

842.04 

964.87 

1210.53 

1456.19 

1947.51 

2438.83 

.724 

361.42 

474.61 

720.70 

843.76 

966.85 

1213.02 

1459.19 

1951.53 

2443.87 

.726 

352.13 

475.47 

722.15 

845.49 

968.83 

1215.51 

1462.19 

1955.55  2448.91 

.726 

362.83 

476.43 

723.62 

847.21 

970.81 

1218.00 

1465.19 

1959.57  ;  2453.96 

.727 

363.53 

477.39 

725.09 

848.94 

972.79 

1220.49 

1468.19 

1963.60  '  2459.01 

.728 

364.24 

478.35 

726.56 

860.66 

974.77 

1222.98 

1471.20 

1967.63  2464.06 
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LENGTH 

OF  THE  WEIK. 

Feet 

8  Feet 

4  Feet 

6  Feet. 

7  Feet. 

8  Feet 

10  Feet 

12  Feet 

16  Feet 

20  Feet 

.729 

364.95 

479.31 

728.03 

852.38 

976.76 

1226.48 

1474.21 

1971.66 

2469.11 

.730 

3R6.66 

480.28 

729.51 

864.13 

978.76 

1227.98 

1477.22 

1976.69 

2474.16 

.731 

366.36 

481.24 

730.96 

865.86 

980.73 

1230.48 

1480.23 

1979.73 

2479.22 

.732 

367.06 

482.20 

732.46 

857.59 

982.72 

1232.96 

1483.24 

1963.77 

2484.29 

.733 

367.76 

483.16 

733.93 

859.32 

984.71 

1235.48 

1486.26 

1967.81 

2489.36 

.734 

358.46 

484.12 

735.31 

861.05 

986.70 

1238.98 

1489.28 

1991.86 

2494.43 

.735 

a'>9.16 

486.09 

736.89 

862.79 

988.69 

1240.49 

1492.30 

1996.90 

2499.50 

.736 

359.87 

486.05 

738.37 

8&1.53 

990.68 

1243.00 

1495.32 

1960.96 

2504.58 

.737 

360.58 

487.01 

739.85 

866.27 

992.67 

1245.51 

1498.34« 

2004.00 

2509.66 

.738 

361.30 

487.98 

741.33 

868.01 

994.67 

1248.02 

1601.36 

2008.05 

2614.74 

.739 

362.02 

488.95 

742.81 

869.75 

996.67 

1250.53 

15M.39 

2012.11 

2519.83 

.740 

362.74 

489.92 

744.30 

871.49 

998.67 

1253.05 

1607.42 

2016.17 

2524.92 

.741 

363.45 

490.89 

745.78 

873.23 

1000.67 

1255.56 

1510.46 

2020.23 

2530.02 

.742 

364.16 

491.86    747.26 

874.97 

1002.67 

1258.08 

1513.48 

2024.30 

2536.12 

.743 

364.87 

492.83    748.75 

876.71 

1004.67 

1260.60 

1616.47 

2028s37 

2540.22 

.744 

365.58 

493  80    750.24 

878.46 

1006.67 

1263.12 

1619.52 

2032.44 

2545.32 

.745 

366.29 

494.77  1  751.73 

880.21 

1008.68 

1266.64 

1622.60 

2036.51 

2550.42 

.746 

367.00 

495.74 

753.22 

881.95 

1010.69 

1268.16 

1525.64 

2040.69 

2555.53 

.747 

367.71 

4%.71 

754.71 

883.70 

1012.70 

1270.68 

1628.68 

2044.77 

2560.66 

.748 

368.43 

497.68 

756.10 

885.45 

1014.72 

1273.21 

1531.72 

2(M8.86 

2665.77 

.749 

369.15 

498.66 

757.59 

887.20 

1016.73 

1275.74 

1534.77 

2052.93 

2570.89 

.750 

369.86 

499.63 

769.18 

888.95 

1018.73 

1278,27 

1537.82 

2066.92 

2576.01 

.751 

370.57 

500.60 

760.67 

890.70 

1020.74 

1280.80 

1640.87 

2061.01 

2581.14 

.752 

371.28 

501.57 

762.16 

892.46 

1022.75 

1283.33 

1543.92 

2066.10 

2586.27 

.753 

372.00 

502.54    763.65 

894.20 

1024.76 

1286.87 

1546.97 

2069.19 

2691.40 

.754 

372.72 

503.52  1  765.15 

895.96 

1026.78 

1288.41 

1560.03 

2073.28 

2586.54 

.755 

373.43 

604.50  I  766.65 

897.72 

1028.80 

1290.95 

1553.09 

2077.39 

2601.68 

.756 

374.14 

605.47- !  768.15 

899.48 

1030.82 

1293.49 

1556.16 

2061.49 

2606.83 

.757 

374.86 

506.45    769.65 

901.24 

1032.84 

1296.03 

1559.21 

2086.60 

2611.98 

.758 

375.57 

507.43    771.15 

903.00 

1834.86 

1298.57 

1562.28 

2069.71 

2617.13 

.759 

376.29 

508.41    772.65 

904.76 

1036.88 

1301.11 

1566.36 

2063.82 

2B22.28 

.760 

377.01 

509.39    774.15 

906.52 

1038.90 

1303.66 

1568.42 

2067.93 

2G27.44 

.761 

377.73 

510.37 

775.65 

908.28 

1040.92 

1306.21 

1571.49 

2102.06 

2632.60 

.762 

378.45 

511.35 

777.16 

910.04 

1042.95 

1308.76 

1574.06 

2106.17 

2637.77 

.763 

379.17 

612.33 

778.66 

911.81 

1044.98 

1311.31 

1677.63 

2110.29 

2&42.9I 

.764 

379.89 

513.21 

780.16 

913.58 

1047.01 

1313.86 

1580.70 

2114.41 

2618.11 

.765 

380.61 

514.29 

781.67 

915.36 

1049.01 

1316.41 

1583.78 

2118.53 

2653.28 

.766 

381.33 

515.27 

783.17 

917.12 

1061.07 

1318.96 

1586.86 

2122.66 

2558.46 

.767 

382.06 

616.95 

784.68 

918.89 

1063.10 

1321.62 

1589.91 

2126.79 

2663.64 

.768 

382.77 

517.93 

786.19 

920.66 

1055.13 

1324.08 

1693.02 

2130.93 

2568.82 

.769 

383.49 

518.92 

787.70 

922.43 

1057.16 

1326.64 

1596.1] 

2186.07 

2574.01 

.770 

384.21 

519.21 

789.21 

924.21 

1059.20 

1329.20 

1699.20 

2139.20 

2679.20 

.771 

384.93 

520.19 

790.72 

925.98 

1061.24 

1331.76 

1602.29 

2143.34 

2684.40 

.772 

385.65 

521.17 

792.23 

927.75 

1063.28 

1334.22 

1605.38 

2147.48 

2689.60 

.773 

386.37 

522.16 

793.74 

929.53 

1065.32 

1336.89 

1608.47 

2151.63 

2684.80 

.774 

387.09 

523.15 

796.25 

931.31 

1067.36 

1339.46 

1611.67 

2166.78 

2700.00 

.775 

387.82 

524.14 

796.77 

933.09 

1069.40 

1342.03 

1614.67 

2159.93 

2705.20 

.776 

388.54 

525.12 

798.28 

934.87 

1071.44 

1344.60 

1617.77 

2164.09 

2710.41 

.777 

389.26 

526.11 

799.79 

936.65 

1073.48 

1347.17 

1620.87 

2168.19 

2716.62 

.778 

389.98 

527.10 

801.31 

938.43 

1075.63 

1349.75 

1623.97 

2172.35 

2720.84 

.779 

390.61 

528.09 

802.83 

940.21 

1077.58 

1352.33  !  1627.07 

2176.51 

2726.06 

.780 

391.44 

529.08 

804.35 

941.99 

1079.63 

1354.91    1630.18 

2180.73 

2731.28 

.781 

392.16 

530.07 

805.87 

943.77 

1081.68 

1357.49  I  1633.29 

2184.90 

2736.51 

.782 

392.88 

531.06 

807.39 

945.56 

1083.73 

1360.07  ;  1636.40 

2188.07 

2741.74 

.783 

393.61 

532.05 

808.91 

947.35 

1086.78 

1362.66 

1639.51 

2193.24 

2746.97 

.784 

394.34 

633.04 

810.43 

949.14 

1087.83 

1365.23 

1642.62 

2197.41 

2762.21 

.786 

395.07 

534.04 

811.96 

950.93 

1  1089.89 

1367.82 

1646.74 

2201.59 

2767.46 

.786 

395.79  1  536.03 

813.48 

952.72 

1091.94 

1 

1370.40    1648.86 

2205.n 

2762.69 

397 


Depfh 

■   •  *        I 

on 

LBNOTH  OF  TUB  WEIB. 

Weir. 

• 

Feet. 

3  Feet. 

4  Feet. 

6  Feet. 

7  Feet. 

o  f  eet. 

10  Feet. 

12  Feet 

16  Feet.  20  Feet 

.787 

396.51 

536.02 

815.00 

954.51 

1094.00 

1372.99 

1661.98 

2209.95 

2767.94 

.788 

397.24 

537.01 

816.53 

966.30 

1096.06 

1375.58 

1655.10 

2214.14 

2773.19 

.780 

397.97 

538.01 

818.06 

958.09 

1098.12 

1378.17 

1658.22 

2218.33 

2778.44 

.790 

398.71 

539.01 

819.59 

959.88 

1100.18 

1380.76 

1661.35 

2222.52 

2783.69 

.791 

399.44 

540.00 

821.12 

961.67 

1102.24 

1383.35 

1664.48 

2226.71 

2788.95 

.792 

400.17 

04v.9«7 

822.65 

963.47 

1104.30 

1386.96 

1667.61 

2230.91 

2794.21 

.793 

400.90 

541.00 

824.18 

965.27 

1106.36 

1388.55 

1670.74 

2235.11 

2799.48 

.794 

401.63 

542.00 

825.71 

967.07 

1108.43 

1391.15 

1673.87 

2239.31 

2804.75 

.795 

402.36 

543.99 

827.24 

968.87 

1110.50 

1393.76 

1677.00 

2243.61 

2810.02 

.796 

403.09 

d44.9i7 

828.77 

970.67 

1112.57 

1396.36 

1680.14 

2247.72 

2815.30 

.797 

403.82 

545.99 

829.30 

972.47 

1114.64 

1398.95 

1683.28 

2261.93 

2820.58 

.798 

404.55 

546.99 

830.84 

974.27 

1116.71 

1401.66 

1686.42 

2266.14 

2826.86 

.799 

406.28 

547.99 

832.38 

976.07 

1118.78 

1404.17 

1689.66 

2260.36 

2831.14 

.800 

406.02 

548.99 

834.92 

977.88 

1120.85 

1406.78 

1692.71 

2264.57 

2836.43 

.801 

406.75 

549.99 

836.45 

979.68 

1122.92 

1409.39 

1695.86 

2268.79 

2841.72 

.802 

407.48 

550.99 

837.99 

981.49 

1124.99 

1412.00 

1699.01 

2273.01 

2847.02 

.803 

408.22 

551.99 

839.53 

983.30 

1127.07 

1414.61 

1702.16 

2277.23 

2862.32 

.80t 

408.96 

552.99 

841.07 

985.11 

1129.15 

1417.22 

1706.31 

2281.46 

2867.62 

.805 

409.69 

554.00 

842.61 

986.92 

1131.23 

1419.84 

1708.46 

2285.69 

2862.92 

.806 

410.42 

554.00 

844.15 

988.73 

1133.31 

1422.46 

1711.61 

2289.92 

2868.23 

.807 

411.15 

555.00 

845.69 

990.34 

1135.39 

1426.08 

1714.77 

2294.15 

2873.54 

.808 

411.89 

556.00 

847.23 

992.35 

1137.47 

1427.70 

1717.93 

2298.39 

2878.85 

.809 

412.63 

557.01 

848.78 

994.16 

1189.55 

1430.32 

1721.09 

2302.63 

2884.17 

.810 

413.37 

559.02 

850.33 

995.98 

1141.64 

1432.96 

1724.26 

2306.87 

2889.49 

.811 

414.10 

559.02 

861.87 

997.79 

1143.72 

1436.57 

1727.42 

2311.12 

2894.82 

.812 

414.83 

560.03 

853.42 

999.61 

1145.87 

1438.20 

1730.69 

2315.37 

2900.16 

.813 

415J57 

561.04 

854.97 

1001.43 

1147.96 

1440.83 

1733.76 

2319.62 

2905.48 

.814 

416.31 

561.05 

866.52 

1003.25 

1150.05 

1443.86 

1736.93 

2323.87 

2910.81 

.815 

417.05 

564.06 

868.07 

1005.07 

1162.08 

1446.09 

1740.10 

2328.12 

2916.14 

.816 

41T.79 

565.07 

859.62 

1006.89 

1164.17 

1448.72 

1743.27 

2332.38 

2921.48 

.817 

418.53 

566.08 

861.17 

1008.71 

1166.26 

1451.36 

1746.46 

2336.64 

2926.82 

.818 

419.27 

567.09 

862.72 

1010.53 

1168.35 

1453.99 

1749.63 

2340.90 

2932.17 

.819 

420.01 

568.10 

864.27 

1012.46 

1160.45 

1466.63 

1760.81 

2346.16 

2937.52 

.820 

420.75 

569.11 

865.83 

1014.19 

1162.56 

1459.27 

1765.99 

2349.43 

2942.87 

.821 

421.59 

570.12 

867.38 

1016.01 

1164.65 

1462.91 

1759.17 

2353.70 

2948.23 

.822 

122m33 

571.13 

868.93 

1017.84 

1166.76 

1465.55 

1760.35  2357.97 

2953.59 

.823 

123.07 

572.14 

870.49 

1019.67 

1168.85 

1468.19 

1763.54  i  2362.24 

2958.96 

.824 

123.81 

573.15 

872.05 

1021.60 

1170.96 

1470.83 

1766.73  1  2366.52 

2964.31 

.825 

424.45 

574.17 

873.61 

1023.33 

1173.05 

1472.48 

1771.92 ;  2370.80 

2969.67 

.826 

425.19 

576.18 

875.17 

1025.16 

1175.16 

1476.13 

1776.11 

2376.08 

2976.04 

.827 

425.93 

576.19 

876.73 

1026.99 

1177.25 

1477.78 

1778.30 

2379.36 

2980.42 

.828 

426.68 

577.21 

878.29 

1028.82 

1179.36 

1480.43 

1781.50 

2381.65 

2985.80 

.829 

427.43 

578.24 

879.85 

1030.65 

1181.47 

1483.08 

1784.70 

2383.94 

2991.18 

.830 

428.17 

579.25 

881.41 

1032.49 

1183.58 

1486.74 

1787.90 

2392.23 

2996.66 

.831 

428.91 

580.26 

882.97 

1034.a3 

1185.69 

1488.39 

1791.10 

2396.53 

3001.96 

.832 

429.65 

581.28 

884.53 

1036.17 

1187.70 

1491.05 

1794.30 

2400.83 

3007.34 

.833 

430.40 

582.30 

886.10 

1038.01 

1189.81 

1493.71 

1797.51 

2406.13  3012.73 

.834 

431.15 

583.32 

887.67 

1039.85 

1191.02 

1496.37 

1800.72 

2409.43  3018.13 

.836 

431.89 

584.34 

889.24 

1041.69 

1194.13 

1499.0;3 

1803.93 

2413.73  3023.53 

.836 

432.63 

585.36  ;  890.80 

1043.5.3 

1196.24 

1601.69 

1807.14 

2418.04  3028.93 

.837 

433.37 

586.38  '  892.37 

1045.37 

1198.35 

1504.a5 

1810.35 

2422.35  3034.34 

.838 

434.12 

587.40  i  893.94 

1047.21 

1200.47 

1507.02 

1813.56 

2426.66  3039.75 

.839 

434.87 

588.42 

895.51 

1049.06 

1202.69 

1509.69 

1816.78 

2430.97  3046.16 

.840 

435.62 

589.44 

897.08 

1050.90 

1204.72 

1512.36 

1820.00 

2435.29  3060.67 

.841 

436.36 

590.46 

898.65 

1052.74 

1206.84 

1515.03 

1823.22 

24.39.61  3055.99 

.842 

437.10 

591.48 

900.22 

1054.59 

1208.96 

1517.70 

1826.44  :  2443.93  i  3061.41 

.843 

437.85 

592.50 

901.79 

1066.44 

1211.08 

1520.37 

1829.66  1  2448.25  3(»6fi.83 

•%S^irw 

438.60 

593.53 

903.37 

1058.29 

1213.21 

1623.06 

1832.89  2462.58  ,  r,or2.26 

1 

398 


Depdi 

on 
Weir. 


LENGTH  OF  THE  WEIR. 


Fee: 


■".  Feet. 


MS 
.846 

.847 

.849 
.860 
.851 
.852 
.853 
.854 
.855 
.856 
.857 
.858 
.859 
.860 
.861 
.862 
.86,3 
.864 
.865 
.866 
.867 
.868 
.869 
.870 
.871 
.872 
.873 
.874 
.875 
.876 
.877 
.878 
.879 
.880 
.881 
.882 
.883 
.88  i 
.885 
.881 
.887 
.888 
.889 
.890 
.891 
.892 
.893 
.894 
.895 
.896 
.897 
.898 
.899 
.900 
.901 
.902 


439.36 
440.11 
440.86 
441.61 
442.36 
443.11 
443.86 
444.61 
445.36 
446.11 
416.87 
417.62 
418  37 
449.12 
449.87 
450.63 
451.38 
452.13 
462.89 
453.65 
45i.41 
455.16 
45591 
466.67 
457.43 
458  19 
458  91 
459.71 
46.').46 
461.22 
461.98 
462.74 
163.50 
464.26 
4o5  02 
46.5.78 
466.54 
467.33 
468.06 
468.82 
469.59 
470.35 
471.11 
471.87 
472.64 
473.41 
474.17 
474.93 
475.70 
476.47 
477  24 
478.0,-) 
478.76 
479.51 
48;).3l 
481.07 
481.83 
482.6') 


4  Feet. 


594.56 

595.58 

596.60 

507.62 

598.65 

599.68 

600.71 

601.71 

602,77 

60:3.80 

604.83 

605.83 

606.89 

607.92 

608.95 

609.98 

610.01 

611.01 

612.07 

61.3.11 

615.15 

616.18 

617.21 

618.25 

619.29 

620.33 

621.36 

622.40 

623.41 

624.48 

625.52 

626.56 

627.60 

628.64 

629.68 

630.72 

631.76 

632.8.) 

633.84 

634.89 

635.94 

636.98 

638.02 

639.07 

640.12 

641.17 

642.21 

643.25 

644.3.) 

645.35 

646.41 

647.46 

648.51 

649.56 

650.61 

651.66 

6.52.71 

653.70 


6  Feet 


7  Feet. 


904.95 

906.52 

9<)8.10 

909.68 

911.26 

912.84 

914.42 

916.00 

917.58 

919.16 

920.74 

922.32 

92.3.90 

925.49 

927.08 

928.67 

930.26 

932.85 

934.45 

936.04 

936.62 

938.21 

939.80 

941.39 

942.98 

944.59 

946.18 

947.78 

949..38 

950.98 

952.58 

954.18 

955.78 

957.38 

958.99 

960.(>0 

962.20 

963.80 

965.40 

967.00 

968.63 

970.24 

971.85 

973.46 

975.07 

976.68 

979.90 

971.51 

973.12 

974.14 

984.75 

986.37 

987.99 

989.61 

991.23 

992.85 

994.47 

996.09 


1060.14 
1061.99 
1063.M 
1065.69 
1067.54 
1069.41 
1071.26 
1073.12 
1074.98 
1076.84 
1078.70 
1080.56 
1082.32 
1081.18 
1086.05 
1088.02 
1089.88 
1091.75 
1093.62 
1095.49 
1097.36 
1099.23 
1101.10 
1102.97 
1104.85 
1106.73 
1108.60 
1110.48 
1112.36 
1114.24 
1116.12 
1118.00 
1119.88 
1121.76 
1123.64 
1125.53 
1127.38 
1129.27 
1131.16 
1133.05 
1134.97 
1136.86 
1138.75 
1140.64 
1142.54 
1 144.44 
1146.;33 
1148  23 
1150.13 
1152.03 
1153.93 
1155.83 
1157.73 
1159.63 
1161..53 
1163.44 
1165.34 
1167.25 


8  Feet. 


10  Feet 


1215.34 
1217.47 
1219.60 
1221.73 
1223.86 
122.5.99 
1228.12 
1230.25 
12(32.38 
1234.52 
12:36.66 
1238.80 
1240.94 
1243.08 
1245.22 
1247.37 
1249.51 
12.51.65 
12.53.80 
1255.85 
1258.10 
1260.25 
1262.40 
1264.55 
1266.70 
1268.86 
1271.01 
1273.17 
1275.:3:5 
1277.49 
1279.65 
1281.81 
1283.97 
1285.13 
1287.30 
1290.47 
1292.64 
1294.81 
1296.98 
1299.15 
1301.32 
1303.49 
1305.66 
1307.83 
1310.01 
1,312.19 
1314.37 
1316.55 
1318.73 
1320.91 
1323.10 
1325.28 
1327.46 
1329.65 
l.%31.84 
1334.03 
l:J36.22 
1338.41 


1625.73 
1528.41 
1531.09 
1533.77 
1536.45 
1539.14 
1541.82 
1544.51 
1547.20 
1549.89 
1552.58 
1555.27 
1657.96 
1560.66 
1563..36 
1566.06 
1568.76 
1571.46 
1574.16 
1576.87 
1579.58 
1582.29 
1585.00 
1587.71 
1590.42 
1593.13 
1595.84 
1598  56 
1601.28 
KJOl.OO 
1606.72 
1609.44 
.1612.16 
1614.89 
1617.62 
1620.35 
1623.08 
1625.81 
1628.54 
16.31.27 
1634.01 
1636  75 
1639.49 
1642.23 
1644.97 
1647.71 
1650.45 
1653.19 
1655.93 
1658.61 
1661.44 
1()64.19 
1()66.94 
1()69.70 
1672.46 
1675.22 
1677.98 
1680.74 


12  Feet 


1836.12 
1839.35 
1842.58 
1845.81 
1849.05 
1852.29 
1865.53 
1868.77 
1862.01 
1865.25 
1868.50 
1871.75 
1875.00 
1878.25 
1881.50 
1884.75 
1888.01 
1891.27 
1894.53 
1897.79 
1901.05 
1904.32 
1907.59 
1910.86 
1914.13 
1917.40 
1920.67 
1923.95 
1927.23 
1930.51 
1933.79 
1937.07 
1940.35 
1943.64 
1946.93 
1950.22 
1953.61 
1956.81 
1960.11 
1963.41 
1966.70 
1970.00 
1973.30 
1976.60 
1979.91 
1983.22 
1986.53 

1993.16 
1996.48 
1999.80 
2003.12 
2006.44 
2009.76 
2013.08 
2016.40 
2019.73 
2023.06 


16  Feet 


2466.91 
2461.24 
2466.57 
2469.91 
2474.26 
2478.59 
2482.93 
2487.28 
2491.63 
2495.98 
2500.33 
2604.69 
2509.06 
2513.41 
2517.77 
2522.14 
2526.61 
2530.88 
2535.26 
2639.63 
2544.01 
2548.39 
2552.77 
2557.16 
2661.54 
2566.93 
2570.32 
2574.72 
2679.12 
2683.52 
2587.92 
2592.33 
2596.34 
2600.76 
2605.16 
2609.97 
2614.39 
2618.81 
2623.23 
2627.65 
2632.08 
26C6.51 
2640.94 
2646.37 
2649.81 
2654.26 
2658.76 
2663.28 
2667.80 
2672.32 
2676.48 
2680.93 
2686.39 
2689.86 
2694.31 
2696.77 
2703.24 
2708.71 


20  Feet 


3077.09 
3063.13 
3088.53 
3003.97 
3099.41 
3104.89 
3110.34 
3115.79 
3121.25 
3126.71 
3132.17 
3187.64 
3143.11 
3148US8 
3154.05 
3159.63 
3166.01 
3170.49 
3176.96 
3181.47 
3186.96 
3192.46 
3197.96 
3203.46 
3208.96 
3214.47 
3219.96 
3225.60 
3231.02 
3236.64 
3242.06 
3247.60 
3263.12 
3268.66 
3264.18 
3260.72 
3275.26 
3280.81 
3286.36 
3291.91 
3297.46 
3303.02 
3308.68 
3314.14 
3319.71 
3325.28 
3330.85 
3336.45 
3342.03 
3347.61 
3363.17 
3368.76 
3361.36 
3369.94 
337660 
3381.14 
3386.74 
3392.36 
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Depth 

on 
Weir. 


Feet. 


.903 
.904 
.905 
.90o 
.907 
.908 
.909 
.910 
.911 
.912 
.913 
.914 
.915 
.916 
.917 
.918 
.919 
.920 
.921 
.922 
.923 
.924 
.925 
.926 
.927 
.928 
.929 
.930 
.931 
.932 
.933 
.934 
.935 
.936 
.937 
.9:38 
.939 
.940 
.941 
.942 
.943 
.944 
.945 
.946 
.947 
.948 
.949 
.950 
.951 
.952 
.953 
.95-t 
.955 
.95(> 
.957 
.9.58 
.959 
.960 


USlfOTU  OF  THIC  WEIR. 


3  Feet. 


483.37 
484.14 
484.91 
485.68 
486.45 
487.22 
487.99 
488.76 
489.53 
490.30 
491.07 
491.84 
492.62 
493.39 
494.1(; 
494.93 
495.71 
496.49 
497.26 
498.03 
498.80 
499.58 
500.36 
501.13 
501.91 
502.69 
503.47 
504.25 
.305.02 
:505.80 
206.58 
207.36 
508.14 
508.92 
509.70 
510.48 
511.26 
512.04 
512.82 
513.60 
514.38 
515.16 
515.93 
516.73 
517.51 
518.29 
519.07 
519.86 
520.64 
521.42 
522.20 
522.99 
523.78 
524.66 
525.34 
526.13 
526.92 
527.71 


4  Feet. 


6  Feet. 


7  Feet. 


654.81 

655.87 

656.93 

657.98 

659.03 

660.09 

661.15 

662.21 

663.26! 

664.32 

665.38 

666.44 

667.50 

668.56 

669.62 

670.68 

671.74 

672.80 

673.86 

674.92 

675.98 

677.05 

678.12 

679.18 

680.24 

681.30 

681.37 

683.44 

684..50 

685.57 

686.64 

687.73 

688.78 

689  85 

690.92 

691.99 

693.06 

694.13 

695.20 

696.27 

697.34 

698.41 

699.49 

700.56 

701.63 

702.71 

703.79 

704.87 

706.94 

707.01 

708.09 

709.17 

710.25 

711.33 

712.41 

71.3.49 

714.57 

715.65 


997.71 
999.33 
1000.96 
1002.58 
1004.20 
1005.83 
1007.46 
1009.09 
1010.72 
1012.35 
1013.98 
1015.61 
1017.25 
1018.88 
1020.51 
1022.14 
1024.78 
1025.42 
1027.05 
1028.09 
1030.:33 
1031.97 
1033.61 
1035.25 
1036.89 
10.38.53 
1040.17 
1041.82 
1043.46 
1045.11 
1046.76 
1048.41 
1050.06 
1051.71 
1053.36 
1055.01 
1056.66 
1058.31 
1059.96 
1061.61 
1063.26 
1064.92 
1066.58 
1068.23 
1069.89 
1071.55 
1073.21 
1074.87 
1076.53 
1078.19 
1079.85 
1081.51 
1083.18 
1084.84 
1086..50 
1088.17 
1089.84 
1091.51 


1169.16 
1171.07 
1172.98 
1174.89 
1176.80 
1178.71 
1180.62 
1182.54 
1 184.45 
1186,36 
1188.28 
1190.28 
1192.12 
1194.04 
1195.96 
1197.88 
1199.80 
1201.73 
1203.65 
1205.57 
1207.50 
1209.43 
1211.36 
1213.29 
1215.22 
1217.15 
1219.08 
1221.02 
1222.95 
1224.88 
1226.82 
1228.76 
1230.70 
1232.64 
1234.58 
1236.52 
1238.46 
1240.40 
1242.34 
1244.38 
1246.23 
1248.18 
1250.13 
1252.18 
1254.13 
12,56.08 
1258.03 
12.59.88 
1261.13 
1263.08 
1265.03 
1266.99 
1269.65 
1271.61 
1273..57 
1275.53 
1277.49 
1279.45 


8  Feet. 


K540.60 
1342.79 
1344.99 
1347.18 
1.349..38 
1351  ..58 
1353.78 
1355.98 
1358.18 
1360..38 
1362..58 
1364.79 
1367.00 
1369.20 
1371.41 
1.373.62 
1375.8.3 
1378.04 
1:^80.2.5 
1.382.40 
1384.67 
1386.89 
1.389.11 
1391 .:« 
1393.55 
1395.77 
1397.99 
1400.21 
1402.43 
1404.65 
1406.88 
1409.11 
1411.34 
1413.57 
1415.80 
1418.03 
1420.26 
1422.49 
1424.72 
1426.95 
1429,19 
1431.43 
1433.67 
1435.91 
1438.15 
1440.39 
1442.63 
1444.88 
1447.12 
1449,36 
1451.61 
1453.86 
14.56.11 
1458.36 
1460.61 
1462.86 
1465.12 
1467.38 


10  Feet. 


1683.50 
1686,26 
1689.02 
1691.79 
1694.56 
1697,3;i 
1700.10 
1702.87 
1705.64 
1708.41 
1711.19 
1713,97 
1716.75 
1719.53 
1722.31 
1725.09 
1727,87 
1730,66 
1733.45 
1736.24 
1739,03 
1741.82 
1744.61 
1747.40 
1751.20 
1754.00 
1750.80 
1758.60 
1761.40 
1764.20 
1767,00 
1769,81 
1772.62 
1775.43 
1778,24 
1781.05 
1783.86 
1786.67 
1789,48 
1792,30 
1795.12 
1797.14 
1800.76 
1803,58 
1806.40 
1809,23 
1812.06 
1814.89 
1817.72 
1820.55 
1823.38 
1826.21 
1829.05 
1831.88 
18.34.72 
1837.56 
1840.40 
1843,24 


12  Feet, 


2026.39 
2029.72 
2033.05 
2036.39 
2039.73 
2043.07 
2047,41 
2049.75 
2053.09 
2056.44 
2059.79 
2063.14 
2066.49 
2069.81 
207.3.20 
21)76.56 
2f'79.92 
2083.28 
2086.64 
2090.00 
2093,37 
2096,74 
2100.11 
2103.48 
2106.85 
2110.22 
2113.60 
2116.98 
2120.30 
2123.68 
2127.06 
2130.45 
2133.90 
2137.29 
2140.68 
2144.07 
2147.46 
2150.85 
2154.25 
2157,65 
2161.05 
2164.45 
2167,85 
2171.26 
2174.67 
2178,08 
2181.49 
2184,90 
2188,31 
2191,72 
2195,14 
2198,56 
2201.98 
2205.40 
2208,82 
2212,25 
2215,()8 
2219.11 


16  Feet. 


2713,18 
2717.65 
2721.12 
2726.60 
2730,08 
2734.56 
2739,04 
2743.63 
2748.02 
2752,51 
2757.00 
2761.49 
2766.99 
2770.49 
2774.99 
2779,60 
2784.01 
2788.62 
2793.03 
2797.65 
2802.07 
2806.69 
2811.11 
2815.63 
2820.16 
2824.69 
2829.23 
2833.76 
2838.29 
2842.83 
2847.37 
2851.91 
2856.45 
2861.00 
2865.65 
2870.10 
2874,66 
2879,22 
2883.78 
2888.34 
2892.90 
2897.46 
2902.03 
2906.60 
2911.17 
2915,75 
2920,33 
2924.91 
2929.49 
2934.07 
2938.65 
2943.24 
2947,85 
2952.44 
2957.04 
2961.64 
2f)66.24 
2970,84 


20  Feet. 


3397.96 
3403.57 
3409.18 
3414.80 
3420.42 
3426.04 
3431.66 
3437.30 
3442.93 
3448.57 
3454.21 
3469,86 
3466.49 
3471.14 
3476.79 
3482,44 
3488.10 
3493.76 
3499.42 
3505.09 
3610,76 
3516,43 
3522.10 
3527.78 
3533.48 
3539.16 
3544.85 
3660,62 
3666,21 
3561,91 
3667.61 
3573.31 
3579.01 
3684.72 
3590.43 
3696.14 
3601.86 
3607.68 
3613.30 
3619.03 
3624.76 
3630.49 
3636.22 
3641.96 
3647.70 
3663.44 
3669.18 
3664.93 
3670.68 
3676.43 
3682.19 
3687.95 
3693.71 
3699,48 
3705.25 
3711.02 
3716.79 
.3722.57 


400 


Depth 

on 
Weir. 

LENGTH  OF  THE 

WEIB. 

Tect 

8  Feet 

4  Feet 

6  Feet 

7  Feet 

8  Feet 

10  Feet 

12  Feet 

16  Feet 

90  Feet. 

.961 

528.49 

716.73 

1093.18 

1281.41 

1469.63 

1846.08 

2222.64 

2975.45 

3728.35 

.962 

529.28 

717.81 

1094.85 

1283.37 

1471.89 

1&48.92 

2225.97 

2960.06 

3734.13 

.963 

530.07 

718.89 

1096..'>2 

1285..33 

1474.15 

1851.77 

2229.40 

2984.67 

3739.92 

.964 

530.86 

719.97 

1098.20 

1287.30 

1476.41 

1854.62 

2232.84 

2969.28 

3746.71 

.965 

631.65 

721.06 

1099.86 

1289.27 

1478.67 

1857.47 

2236.28 

2993.89 

3751.60 

.966 

532.44 

722.14 

1101.53 

1291.23 

1480.93 

1860.32 

2239.72 

2998.51 

3757.30 

.967 

533.23 

723.22 

1102.60 

1*293.20 

1483.19 

1863.17 

2243.16 

3003.13 

3763.10 

.968 

534.02 

724.30 

1104.27 

1295.17 

1486.45 

1866.02 

2246.60 

3007.75 

3768.90 

.969 

534.81 

725.39 

UiXy.Oo 

1297.14 

1487.71 

1868.88 

2250.04 

3014.37 

3n4.70 

.970 

535.60 

726.48 

1108.23 

1299.11 

1489.98 

1871.74 

2253.49 

3017.00 

3760.60 

.971 

636.59 

727.56 

1109.90 

1301.08 

1492.25 

1874.60 

2256.94 

3021.63 

3786.31 

.972 

537.38 

728.64 

llll..'>8 

1303.05 

1494.52 

1877.46 

:i260.39 

3026.26 

3792.12 

.973 

538.18 

729.73 

1113.18 

l;}05.02 

1496.79 

1880.32 

2263.84 

3030.69 

3797.91 

.974 

538.97 

730.82 

1114.86 

1306.99 

1499.06 

1883.18 

2267.29 

3036.52 

3603.76 

.975 

539.55 

731.91 

1116.62 

1308.97 

1501.33 

1886.04 

2270.74 

3040.16 

3609.66 

.976 

540.31 

732.99 

1118..T0 

1310.94 

1503.60 

2274.20 

0O44.8O 

3616.41 

.977 

541.13 

734.08 

1119.90 

1312.92 

1505.87 

1891.76 

2277.66 

3049.44 

3821.24 

.978 

541.92 

735.17 

1121.fi6 

1314.00 

1508.14 

1894.63 

2281.12 

3054.09 

3827.07 

.979 

542.72 

736.26 

IVSVM 

1316.88 

1510.42 

1897.50 

2284.58 

3058.74 

3832.90 

.980 

543.52 

7;J7.36 

1125.02 

1318.86 

1512.70 

1900.37 

2288.04 

3063.39 

3838.73 

.981 

544.31 

7.)8.44 

1126.70 

1320.^4 

1514.97 

1903.24 

2291.50 

l'066.05 

3844.OT 

.982 

545.10 

7.'J9.53 

1128.;i8 

1322.82 

1517.25 

1906.11 

2294.97 

3072.71 

3860.41 

.983 

545.89 

740.62 

1 1:)0.07 

1323.80 

1519..'>3 

1908.98 

2296.44 

30n.37 

3656.2S 

Ofti. 

546.69 

741.71 

1131.76 

1325.73 

1521.81 

1911.86 

2301.91 

3062.03 

3662.09 

.985 

547.49 

742.81 

ii;w.45 

1328.77 

1524.09 

1914.74 

2305.38 

3066.66 

3667.96 

.986 

548.28 

743.90 

ll:J5.13 

1330.75 

1526.37 

1917.62 

2308.86 

3091.32 

3873.60 

.987 

549.07 

744.99 

11:36.82 

1332.73 

1.528.65 

1920.60 

2312.33 

3096.99 

3679.66 

.988 

549.86 

746.08 

ii;«.5i 

1334.72 

l.')30.04 

1923.38 

2316.81 

3100.66 

3665.22 

.989 

550.66 

747.17 

1140.20 

1336.71 

I5;33.2;i 

1926.26 

2319.29 

3105.33 

3691.36 

.990 

551.46 

748.27 

1141.89 

1338.70 

15;J5.52 

1929.14 

2322.76 

3110.00 

3697.24 

.991 

552.25 

749.36 

1143..58 

1340.69 

1637.80 

1932.02 

2326.24 

3114.67 

3903.11 

.992 

553.05 

7.=50.45 

1145.27 

1342.68 

1640.09 

1934.90 

2329.72 

8119.36 

3908.96 

.993 

553.85 

751.55 

1146.96 

1344.67 

1642.38 

19.37.79 

2333.20 

3124.03 

3914.65 

.994 

554.65 

752.65 

1148.66 

1346.66 

1544.67 

1940.68 

2336.69 

3128.71 

3920.72 

.995 

555.45 

753.75 

Il50.;i6 

1348.66 

15^M5.06 

1943.57 

2340.18 

3i:S3.39 

3926.60 

.996 

556.24 

7->4.84 

1152.05 

l:J50.65 

1549.25 

1946.46 

2343.67 

3138.06 

3932.46 

.997 

557.04 

7r>5.94 

1153.74 

1352.64 

1551.64 

1949.35 

2347.16 

3142.77 

3938.37 

.998 

557.84 

757.04 

1155.44 

1364.64 

1553.84 

ia52.24 

2360.66 

3147.40 

3944.26 

.999 

558.64 

758.14 

1157.14 

1356.64 

1.556.14 

1955.14 

23M.14 

3152.09 

3960.15 

1.000 

559.  U 

759.24 

1158.84 

1358.64 

1558.44 

1958.04 

2357.64 

3166.64 

3956.04 

l.(K)l 

7GO.:>4 

1160.54 

1360.64 

1560.74 

1960.94 

2361.14 

3161.54 

3961.94 

1.002 

761.44 

1162.24 

1362.64 

1563.04 

1963.84 

2364.64 

3166.24 

3967.84 

1.003 

762.64 

1163.94 

1364.64 

1565.34 

1966.74 

2368.14 

3170.94 

3973.74 

1.004 

763.64 

1165.64 

1366.64 

1567.64 

1969.64 

2371.64 

3175.64 

3979.64 

1.005 

764.74 

1167.34 

1368.64 

1569.94 

1972.64 

2375.14 

3160.34 

3985.55 

1.006 

705.84 

1169.04 

1370.64 

1572.24 

1976.44 

2378.66 

3165.05 

3991.40 

1.007 

766.94 

1170.74 

1372.64 

1574.54 

1978.35 

2382.16 

3189.76 

3977.37 

1.008 

7«8.04 

1172.44 

1^74.64 

1576.85 

1981.26 

2l'85.67 

3194.47 

4003.28 

1.009 

769.14 

1174.19 

1376.65 

1578.16 

1984.17 

2389.18 

3199.16 

4009.20 

1. 010 

770.25 

1175.86 

i;)78.66 

ir81.47 

1987.08 

2392.69 

3203.90 

4016.12 

1.011 

771.35 

1177.56 

1380.66 

1.-83.78 

1989.99 

2306.20 

3206.34 

4021.05 

1.012 

772.45 

1179.27 

1382.67 

1586.09 

1992.90 

2.399.71 

3213.06 

4026.96 

1.013 

•■••>• 

773.55 

1180.98 

1384.68 

1588.40 

1995.81 

2403.23 

3217.76 

4032.91 

1.014 

774.66 

1182.69 

i;!8().60 

1590.71 

1998.73 

2406.75 

3222J»1 

4038.84 

1.015 

775.77 

1184.40 

i;i88.71 

15a3.02 

2001.66 

2410.27 

3ii27.52 

4044.77 

1.016 

776.87 

1186.11 

13JK).72 

1595.33 

2004.57 

2413.79 

3232.25 

4060.71 

1.017 

777.97 

1187.82 

1392.73 

1597.64 

20<)7.49 

2417.31 

3236.96 

4056.65 

1.018 

779.08 

1189.53 

13iW.74 

1599.96 

2010.41 

2420.&1 

3241.71 

4062.59 

40I 


Depth 

om 
Weir. 

I^BNGTH  OF  THB  WKIB. 

Feet. 

4  Feet 

6  Feet. 

7  Feet 

8  Feet 

10  Feet 

12  Feet 

16  Feet 

90  Feet 

1.019 

780.19 

1191.24 

1396.76 

1602.28 

2013.33 

2424.37 

3246.45 

4068.54 

1.020 

781.30 

1192.95 

1398.78 

1604.60 

2016.25 

2427.90 

3251.19 

4074.49 

1.021 

782.41 

1194.66 

1400.79 

1606.92 

2019.15 

2431.43 

3265.93 

4080.44 

1.022 

783.52 

1196.37 

1402.81 

1609.24 

2022.06 

2434.96 

3260.67 

4086.40 

1.023 

784.63 

1198.09 

1404.83 

1611.56 

2024.97 

2438.49 

3265.42 

4092.36 

1.021 

786.74 

1199.81 

1406.85 

1613.88 

2027.88 

2442.02 

3270.17 

4098.32 

1.025 

786.85 

1201.53 

1408.87 

1616.21 

2030.89 

2445.66 

3274.92 

4104.28 

1.026 

787.96 

1203.24 

1410.89 

1618.63 

2033.82 

2449.10 

3279.67 

4110.25 

1.027 

789.07 

1204.96 

1412.91 

1620.85 

2036.76 

2452.64 

3284.32 

4116.22 

1.028 

790.18 

1206.68 

1414.93 

1623.18 

2039.88 

2456.18 

3289.18 

4122.19 

1.029 

791.28 

1208.40 

1416.95 

1625.51 

2042.82 

2459.72 

3293.94 

4128.16 

1.030 

792.40 

1210.12 

1418.98 

1627.84 

2046.66 

2463.27 

3298.70 

4134.14 

1.031 

793.61 

1211.84 

1421.00 

1630.17 

2048.50 

2466.82 

3303.46 

4140.12 

1.032 

794.62 

1213.56 

1423.03 

1632.60 

2051.44 

2470.37 

3308.23 

4146.10 

1.033 

795.73 

1215.28 

1425.05 

1634.83 

2064.38 

2473.92 

3313.00 

4152.09 

1.031 

796.84 

1217.01 

1427.07 

1637.16 

2057.32 

2477.47 

3317.77 

4168.08 

1.035 

797.96 

1218.74 

1429.12 

1639.50 

2060.26 

2481.02 

3322.54 

4164.07 

1.036 

799.07 

1220.46 

1431.15 

1641.83 

2063.20 

2484.57 

3327.32 

4170.06 

1.037 

800.19 

1222.18 

1433.18 

1644.16 

2066.14 

2488.13 

3332.10 

4176.06 

1.038 

801.31 

1223.91 

1435.21 

1646.50 

2069.09 

2491.69 

3336.88 

4182.06 

1.039 

802.43 

1225.64 

1437.24 

1648.84 

2072.04 

2495.25 

3341.66 

4188.06 

1.040 

803.65 

1227.37 

1439.27 

1651.18 

2074.99 

2498.81 

3346.44 

4194.06 

1.041 

804.66 

1229.10 

1441.30 

1653.52 

2077.94 

2502.37 

3351.22 

4200.07 

1.042 

805.78 

1230.83 

1443.33 

1655.86 

2080.89 

2605.93 

3356.01 

4206.08 

1.043 

806.90 

1232.56 

1445.37 

1658.20 

2083.84 

2509.60 

3360.80 

4212.09 

1.014 

808.02 

1234.29 

1447.41 

1660.54 

2086.80 

2613.07 

3365.59 

4218.11 

1.015 

809.14 

1236.02 

1449.46 

1662.89 

2089.76 

2616.64 

3370.38 

4224.13 

1.046 

810.16 

1237.75 

1461.49 

1665.26 

2092.72 

2520.21 

3375.18 

4030.15 

1.047 

811.27 

1239.48 

1453.53 

1667.67 

2095.68 

2523.78 

3379.98 

4036.18 

1.048 

812.39 

1241.21 

1456.57 

1669.92 

2098.64 

2527.35 

3384.78 

4042.21 

1.049 

813.41 

1242.94 

1457.61 

1672.27 

2101.60 

2630.93 

3389.58 

4048.24 

1.060 

814.73 

1244.68 

1459.65 

1674.62 

2104.56 

2534.51 

3394.39 

4254.27 

1.051 

815.85 

1246.41 

1461.69 

1676.97 

2107.52 

2538.09 

3399.20 

4260.31 

1.052 

816.97 

1248.14 

1463.73 

1679.32 

2110.49 

2541.67 

3404.01 

4266.35 

1M5S 

818.09 

1249.88 

1465.77 

1681.67 

2113.46 

2545.25 

3408.82 

4272.39 

1.054 

819.21 

1251.62 

1467.82 

1684.02 

2116.43 

2648.83 

3413.63 

4278.43 

1.055 

820:34 

1253.36 

1469.87 

1686.38 

2119.40 

2562.41 

3418.45 

4284.48 

1.056 

821.46 

1265.10 

1471.92 

1688.73 

2122.37 

2556.00 

3423.27 

4290.63 

1.057 

822.58 

1256.84 

1473.97 

1691.09 

2126.34 

2559.59 

3428.09 

4296.68 

1.058 

823.71 

1258.58 

1476.02 

1693.45 

2128.31 

2563.18 

3432.91 

4302.63 

1.059 

824.84 

1260.32 

1478.07 

1695.81 

2131.28 

2566.77 

3437.73 

4308.69 

1.060 

825.97 

1262.07 

1480.12 

1698.17 

2134.26 

2570.36 

3442.56 

4314.75 

1.061 

827.09 

1263.81 

1482.17 

1700.53 

2137.24 

2573.95 

3447.39 

4320.82 

1.062 

828.21 

1265.55 

1484.22 

1702.89 

2140.22 

2»77.55 

3452.22 

4326.89 

1.063 

829.34 

1267.29 

1486.27 

1705.25 

2143.20 

2581.15 

3457.05 

4332.96 

1.064 

830.47 

1269.04 

1488.32 

1707.61 

2146.18 

2584.76 

3461.89 

4339.03 

1.065 

831.60 

1270.79 

1490.38 

1709.98 

2149.16 

2588.35 

3466.73 

4345.10 

1.066 

832.72 

1272.53 

1492.43 

1712.34 

2152.14 

2591.95 

3471.67 

4351.18 

I.OCT 

833.85 

1274.28 

1494.49 

1714.70 

2155.13 

2595.55 

3476.41 

4357.26 

1.068 

834.98 

1276.03 

1496.65 

1717.07 

2158.12 

2599.16 

3481.25 

4363.34 

1.069 

836.11 

1277.78 

1498.61 

1719.44 

2161.11 

2602.71 

3486.10 

4369.42 

1.070 

837.24 

1279.53 

1500.67 

1721.81 

2164.10 

2606.38 

3490.95 

4375.51 

1.071 

838.37 

12«1.28 

1502.73 

1724.18 

2167.09 

2609.99 

3495.80 

4381.60 

1.072 

839.50 

1283.03 

1504.79 

1726.55 

2170.08 

2613.60 

3500.65 

4387.70 

1.073 

840.63 

1284.78 

1506.85 

1728.92 

2173.07 

2617.21 

3505.50 

4393.80 

1.074 

841.76 

1286.53 

1508.91 

1731.29 

2176.06 

2620.83 

3510.36 

4399.90 

1.075 

842.89 

1288.28 

1510.98 

1733.67 

2179.06 

2624.45 

3615.22 

4406.00 

1.076 

844.02 

1290.03 

1513.04 

1736.04 

2182.06 

2628.07 

3520.08 

4412.11 

402 


Deplh 

on 
Wdr. 

LBKOTH  OF  THE  WBIB 

'• 

Feet. 

4  Feet 

6  Feet 

7  Feet 

8  Feet. 

10  Feet. 

12  Feet 

16  Feet 

20  Feet 

1.077 

845.15 

1291.78 

1516.10 

1738.42 

2185.06 

2631.69 

3524.94 

4418.22 

1.078 

846.28 

1293.33 

1517.17 

1740.80 

2188.06 

2635.31 

3529.81 

4424.33 

1.079 

847.41 

1295.28 

1519.24 

1743.18 

2191.06 

2638.93 

3534.68 

4430.44 

1.080 

848.55 

1297.06 

1521.31 

1745.56 

2194.06 

2642.55 

3539.55 

4436.55 

1.081 

849.68 

1298.81 

1523.38 

1747.94 

2197.06 

2646.18 

3544.43 

4442.67 

1.082 

850.81 

1300.57 

1626.45 

1750.32 

2200.06 

2649.81 

3549.30 

4448.79 

1.083 

851.95 

1302.33 

1527.52 

1752.70 

2203.06 

2653.44 

3564.17 

4454.91 

1.084 

863.09 

1304.09 

1529.59 

1756.08 

2206.07 

2657.07 

3559.04 

4461.04 

1.085 

854.23 

1305.85 

1531.66 

1757.47 

2209.08 

2660.70 

3563.93 

4467.17 

1.086 

855.36 

1307.61 

1533.73 

1759.85 

2212.09 

2664.33 

3568.81 

4473.30 

1.087 

856.49 

1309.37 

1535.80 

1762.23 

2216.10 

2667.97 

3573.70 

4479.13 

1.088 

857.63 

1311.13 

1537.87 

1764.62 

2218.11 

2671.61 

3578.59 

4485.57 

1.089 

858.77 

1312.89 

1639.95 

1767.01 

2221.12 

2675.25 

3583.48 

4491.71 

1.090 

859.91 

1314.66 

1542.03 

1769.40 

2224.14 

2678.89 

3588.37 

4497.86 

1.091 

861.05 

1316.42 

1544.10 

1771.79 

2227.16 

2682.53 

3593.16 

4504.00 

1.092 

862.19 

1318.18 

1546.17 

1774.18 

2230.18 

2686.17 

3598.06 

4510.15 

1.093 

863.23 

1319.95 

1548.24 

1776.57 

2233.20 

2689.81 

3603.76 

4516.30 

1.094 

864.37 

1321.72 

1550.32 

1778.96 

2236.22 

2693.46 

3608.66 

4522.45 

1.095 

865.61 

1323.49 

1552.42 

1781.36 

2239.24 

2697.11 

3612.86 

4528.61 

1.096 

866.75 

1325.25 

1564.60 

1783.75 

2242.26 

2700.76 

3617.76 

4534.77 

1.097 

867.89 

1327.60 

1666.58 

1786.15 

2245.28 

2704.41 

3622.67 

4540.93 

1.098 

869.03 

1328.79 

1668.66 

1788.56 

2248.30 

2708.06 

3627.58 

4547.19 

1.099 

860.17 

1330.56 

1660.75 

1790.95 

2251.33 

2711.71 

3632.49 

4653.36 

1.100 

871.31 

1332.33 

1562.84 

1793.36 

2254.36 

2715.37 

3637.40 

4559.43 

1.101 

872.46 

1334.10 

1664.92 

1795.75 

2257.39 

2719.03 

3642.32 

4565.60 

1.102 

873.61 

1335.87 

1567.00 

1798.15 

2260.42 

2722.69 

3647.24 

4571.78 

1.103 

874.76 

1337.64 

1569.09 

1800.65 

2263.45 

2726.35 

3652.16 

4677.96 

1.104 

875.91 

1339.41 

1571.18 

1802.95 

2266.48 

2730.01 

3657.08 

4584.14 

1.105 

877.03 

1341.19 

1673.27 

1805.36 

2269.52 

2733,68 

3662.00 

4590.32 

1.106 

878.17 

1342.96 

1675.36 

1807.76 

2272.55 

2737.34 

3666.93 

4596.51 

1.107 

879.31 

1344.73 

1577.46 

1810.16 

2275.58 

2741.01 

3671.86 

4602.70 

1.108 

880.45 

1346.61 

1579.54 

1812.57 

2278.62 

2744.67 

3676.79 

4608.89 

1.109 

881.50 

1348.29 

1581.63 

1814.98 

2281.66 

2748.34 

3681.72 

4615.08 

1.110 

882.75 

1350.07 

1583.73 

1817.39 

2284.70 

2752.02 

3686.65 

4621.28 

1.111 

883.89 

1361.85 

1686.82 

1819.80 

2287.74 

2755,69 

3691.59 

4627.48 

1.112 

885.04 

1363.63 

1587.91 

1822.21 

2290.78 

2759.36 

3696.53 

4633.68 

1.113 

886.19 

1356.41 

1590.91 

1824.62 

2293.82 

2763.04 

3701.47 

4639.89 

1.114 

887.34 

1357.19 

1692.11 

1827.03 

2296.87 

2766.72 

3706.41 

4646.10 

1.115 

888.49 

1358.97 

1594.21 

1829.45 

2299.92 

2770.40 

3711.35 

4652.31 

1.116 

889.64 

1360.75 

1696.31 

1831.86 

2302.97 

2774.08 

3716.30 

4658.52 

1.117 

890.79 

1362.63 

1698.41 

1834.27 

2306.02 

2777.76 

3721.25 

4664.74 

1.118 

891.94 

1364.31 

1600.61 

1836.69 

2309.07 

2781.44 

3726.20 

4670.96 

1.119 

893.19 

1366.10 

1602.61 

1839.11 

2312.12 

2785.13 

3t31.15 

4677.18 

1.120 

894.24 

1367.89 

1604.71 

1841.53 

2315.17 

2788.82 

3736.11 

4683.40 

1.121 

895.39 

1369.67 

1606.81 

1843.95 

2318.22 

2792.51 

3741.07 

4689.63 

1.122 

896.54 

1371.45 

1608.91 

1846.37 

2321.28 

2796.20 

3746.03 

4695.86 

1.123 

897.69 

1373.24 

1611.01 

1848.79 

2324.34 

2799.89 

3750.99 

4702.09 

1.124 

o<lo.c$4 

1375.03 

1613.12 

1851.21 

2327.40 

2803.58 

3755.95 

4708.32 

1.125 

899.99 

1376.82 

1615.23 

1853.64 

2330.46 

2807.28 

3760.92 

4714.56 

1.126 

901.14 

1378.61 

1617.33 

1856.06 

2333.52 

2810.77 

3765.89 

4720.80 

1.127 

902.29 

1380.40 

1619.44 

1858.48 

2;^36.58 

2814.27 

3770.86 

4727.04 

1.128 

1903.44 

1382.19 

1621.55 

1860.91 

2339.64 

2817.77 

3775.83 

4733.28 

1.129 

904.60 

1383.98 

1623.66 

1863.34 

2342.70 

2821.27 

3780.80 

4739.53 

1.130 

905.76 

1385.77 

1625.77 

1866.77 

2345.77 

2825.77 

3785.78 

4745.78 

1.131 

906.91 

1387.56 

1627.88 

1868.20 

2348.84 

2829.47 

3790.76 

4752.03 

1.132 

908.06 

1389.35 

1629.99 

1870.63 

2351.91 

2833.18 

3796.74 

4758.291 

1.133 

909.22 

1391.14 

1632.10 

1873.06 

2354.98 

2836.89 

3800.72 

4765.55; 

1.134 

910.38 

1392.93 

1634.21 

1875.49 

2358.05 

2840.60 

3805.70 

4771 .81 i 
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Depth 

on 
Weir. 

LBKOTH  OF  THE  WEIB 

f 

Feet. 

4  F(  e  . 

6  Feet. 

7  Feet 

8  Feet 

10  Feet 

IS  Feet 

MFeet. 

90  Feet 

1.135 

911.54 

1394.73 

1636.33 

1877.92 

2361.12 

2844.31 

3810.69 

4777.07 

1.136 

912.69 

1396.52 

1638.44 

1880.36 

2364.19 

2848.02 

3816.68 

4783.84 

1.137 

913.84 

1398.32 

1640.55 

1882.79 

2367.26 

2851.73 

3820.67 

4789.61 

1.138 

915.00 

1400.12 

1642.67 

1885.23 

2370.33 

2865.44 

3826.66 

4796.88 

1.139 

916.16 

1401.92 

1644.79 

1887.67 

2873.41 

2859.16 

3830.66 

4802.15 

1.140 

917.32 

1403.72 

1646.91 

1890.10 

2376.49 

2862.88 

3835.66 

4808.43 

1.141 

918.48 

1405.62 

1649.03 

1892.54 

2379.57 

2866.60 

3840.66 

4814.71 

1.142 

919.64 

1407.32 

1651.15 

1894.98 

2382.66 

2870.32 

3845.66 

4820.99 

1.143 

920.80 

1409.12 

1653.27 

1897.42 

2385.73 

2874.04 

3860.66 

4827.27 

1.144 

921.96 

1410.92 

1654.39 

1899.86 

2388.81 

2877.76 

3855.66 

4833.66 

1.145 

923.12 

1412.72 

1657.61 

1902.31 

2391.90 

2881.49 

3860.67 

4839.85 

1.146 

924.28 

1414.52 

1659.63 

1904.76 

2394.96 

2885.22 

3865.68 

4846.14 

1.147 

925.44 

1416.32 

1661.76 

1907.19 

2398.07 

2888.96 

3870.69 

4802.44 

1.148 

926.60 

1418.12 

1663.87 

1909.63 

2401.16 

2892.68 

3876.70 

4868.74 

1.149 

927.76 

1419.92 

1666.00 

1912.08 

2404.26 

2896.41 

3880.72 

4865.04 

1.160 

928.93 

1421.73 

1668.13 

1914.53 

2407.34 

2900.14 

3886.74 

4871.34 

1.161 

930.09 

1423.53 

1670.26 

1916.98 

2410.43 

2903.87 

3890.76 

4877.66 

1.162 

931.25 

1425.34 

1672.39 

1919.43 

2413.52 

2907.60 

3895.78 

40cNf.oO 

1.153 

932.41 

1427.16 

1674.52 

1921.88 

2416.61 

2911.36 

3900.80 

4890.27 

1.154 

933.67 

1428.96 

1676.65 

1924.33 

2419.71 

2916.09 

3905.82 

4896.68 

1.155 

934.74 

1430.77 

1678.78 

1926.79 

2422.81 

2918.83 

3910.86 

4902.90 

1.156 

935.90 

1432.68 

1680.90 

1929.24 

2425.91 

2922.57 

3015.89 

4909.22 

1.167 

937.06 

1434.39 

1683.02 

1931.69 

2429.01 

2926.31 

3920.92 

4916.56 

1.158 

938.23 

1436.20 

1685.15 

1934.14 

2432.11 

2930.05 

3925.96 

4921.89 

1.159 

939.40 

1438.01 

1687.28 

1936.60 

2435.21 

2933.80 

3931.00 

4928.19 

1.160 

940.57 

1439.82 

1689.44 

1939.06 

2438.31 

2937.55 

3936.04 

4934.52 

1.161 

941.73 

1441.63 

1691.56 

1941.52 

2441.41 

2941.30 

3941.08 

4940.85 

1.162 

942.90 

1443.46 

1693.69 

1943.96 

2444.61 

2945.05 

3946.12 

4947.19 

1.163 

944.07 

1445.27 

1695.83 

1946.44 

2447.62 

2948.80 

3951.16 

4953.53 

1.164 

945.24 

1447.09 

1697.97 

1948.90 

2450.73 

2952.55 

3966.21 

4969.87 

1.165 

946.41 

1448.89 

1700.12 

1951.36 

2453.84 

2956.31 

3961.26 

4966.21 

1.166 

947.57 

1450.70 

1702.26 

1954.82 

2456.95 

2960.07 

3966.31 

4972.66 

1.167 

948.74 

1452.51 

1704.40 

1957.28 

2460.06 

2963.83 

3971.36 

4978.91 

1.168 

949.91 

1464.33 

1706.54 

1959.74 

2463.17 

2967.69 

3976.41 

4985.26 

1.169 

951.08 

1456.15 

1708.68 

1962.21 

2466.28 

2971.36 

3981.47 

4991.61 

1.170 

952.25 

1457.97 

1710.83 

1963.68 

2469.40 

2975.11 

3986.54 

4997.96 

1.171 

953.42 

1459.89 

1712.97 

1966.15 

2472.51 

2978.87 

3991.60 

6004.32 

1.172 

954.59 

1461.71 

1715.11 

1968.62 

2475.63 

2982.64 

3996.66 

5010.68 

1.173 

955.76 

li63JiS 

1717.25 

1971.09 

2478.75 

2986.41 

4001.76 

6017.04 

1.174 

956.93 

1465.35 

1719.40 

1973.56 

2481.87 

2990.18 

4006.83 

6023.41 

1.175 

958.11 

1467.07 

1721.55 

1976.03 

2484.99 

2993.95 

4011.86 

6029.78 

1.176 

969.28 

1468.89 

1723.70 

1978.50 

2488.11 

2997.72 

4016.93 

6036.15 

1.177 

960.45 

1470.71 

1725.86 

1980.97 

2491.23 

3001.49 

4022.00 

6042.52 

1.178 

961.62 

1472.53 

1728.00 

1983.44 

2494.35 

3005.26 

4027.08 

6048.90 

1.179 

962.80 

1474.36 

1730.15 

1985.92 

2497.48 

^3009.04 

4032.16 

5066.20 

1.180 

963.98 

1476.19 

1732.30 

1988.40 

2600.61 

3012.82 

4037.24 

5061.66 

1.181 

965.15 

1478.01 

1734.45 

1990.84 

2503.87 

3016.60 

4042.32 

6068.06 

1.182 

966.32 

1479.84 

1736.60 

1993.29 

2606.87 

3020.38 

4047.40 

6074.44 

1.183 

967.49 

1481.67 

1738.75 

1996.74 

2510.00 

3024.16 

4052.49 

6080.83 

1.184 

968.67 

1483.50 

1740.90 

1998.19 

2513.13 

3027.94 

4057.58 

6087.22 

1.185 

969.85 

1485.33 

1743.06 

2000.80 

2516.27 

3031.73 

4062.67 

6093.61 

1.186 

971.02 

1487.16 

1745.21 

2003.28 

2519.40 

3035.52 

4067.76 

6100.01 

1.187 

972.20 

1488.99 

1747.36 

2005.76 

2522.53 

3039.31 

4072.76 

6106.41 

1.188 

973.38 

1490.82 

1749.52 

2008.24 

2625.67 

3043.10 

4077.86 

6112.81 

1.189 

974.56 

1492.65 

1751.68 

2010.72 

2528.81 

3046.89 

4082.96 

6119.22 

1.190 

975.74 

1494.48 

1753.84 

2013.21 

2531.95 

3050.68 

4088.15 

5125.63 

1.191 

976.91 

1496.31 

1756.00 

2015.69 

2536.09 

3054.47 

4093.25 

5132.04 

1.192 

978.09 

1498.14 

1768.16 

2018.18 

2638.23 

3058.27 

4098.36 

6138.46 

X  »™™«". 
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Depth 

on 
Weir. 

LBNOTH  OF  THB  TfEIB. 

Fe«t 

4  Feet 

6  Feet. 

rreet. 

8  Feet 

10  Feet 

12  Feet 

16  Feet 

SO  Feet 

1.261 

1048.31 

1607.44 

1887.00 

2166.66 

2725.69 

3281.82 

4403.08 

6621.33 

1J262 

1049.51 

1609.31 

1889.20 

2169.10 

2728.90 

3288.70 

4408.30 

5627.90 

1.263 

1050.71 

1611.18 

1891.41 

2171.64 

2732.11 

3292.68 

4413.53 

6684.47 

1.254 

1061.91 

1613.05 

1893.62 

2174.19 

2735.33 

3296.47 

4418.76 

6641.04 

1.255 

1068.11 

1614.93 

1895.83 

2176.74 

2738.65 

3300.36 

4423.99 

5647.61 

1.256 

1064.31 

1616.80 

1898.04 

2179.28 

2741.77 

3304.25 

4429.22 

5664.19 

1.267 

1065.51 

1618.67 

1900.25 

2181.83 

2744.99 

3308.14 

4434.55 

5560.77 

1.258 

1056.71 

1620.55 

1902.46 

2184.38 

2748.21 

3312.04 

4439.69 

5567.35 

1.259 

1057.91 

1622.43 

1904.67 

2186.93 

2751.43 

3315.94 

4446.93 

5573.93 

1.260 

1059.12 

1624.31 

1906.89 

2189.48 

2764.65 

3319.82 

4450.17 

5580.51 

1.261 

1060.32 

1626.18 

1909.10 

2192.03 

2757.87 

3323.72 

4466.41 

5687.10 

1.262 

1061.52 

1628.06 

1911.31 

2194.68 

2761.09 

aS27.62 

4460.65 

5593.69 

1.263 

1062.72 

1629.94 

1913.53 

2197.13 

2764.32 

3331.52 

4466.90 

5600.28 

1.264 

1063.93 

1631.82 

1915.75 

2199.68 

2767.55 

3335.42 

4471.15 

5607.87 

1.265 

1065.14 

1633.70 

1917.97 

2202.24 

2770.78 

3339.32 

4476.40 

5613.47 

1.266 

1066.62 

1635.58 

1920.19 

2204.79 

2774.01 

3343.23 

4481.65 

6620.04 

1.267 

1067.83 

1637.46 

1922.41 

2207.34 

2777.24 

3347.14 

4487.90 

5626.66 

1.268 

1069.04 

1639.34 

1924.63 

2209.90 

2780.47 

3861.05 

4493.16 

6633.26 

1.269 

1070.26 

1641.22 

1926.85 

2212.46 

2783.70 

3364.96 

4498.42 

6639.87 

1.270 

1071.19 

1643.11 

1929.07 

2215.02 

2786.94 

8358.85 

4602.68 

5646.61 

1.271 

1072.40 

1644.99 

1931.29 

2217.58 

2790.17 

3362.76 

4607.94 

5653.12 

1.272 

1073.61 

1646.88 

1933.51 

2220.14 

2793.41 

3366.67 

4613.20 

6659.74 

1.273 

1074.82 

1648.77 

1935.73 

2222.70 

2796.66 

3370.58 

4518.47 

6666.36 

1.274 

1078.03 

1650.66 

1937.95 

2225.26 

2799.89 

3374.50 

4623.74 

5672.98 

1.275 

1077.24 

1652.M 

1940.18 

2227.83 

2803.13 

3378.42 

4629.01 

6679.60 

1.276 

1078.45 

1654.42 

1942.40 

2230.39 

2806.37 

3882.34 

4534.28 

6686.23 

1.277 

1079.66 

1656.31 

1944.63 

2232.95 

2809.61 

3386.26 

4539.55 

5602.86 

1.278 

1080.87 

1658.20 

1946.86 

2235.52 

2812.85 

3390.18 

4644.83 

5699.49 

1.279 

1082.08 

1660.09 

1949.09 

2238.09 

2816.09 

3394.10 

4650.11 

6706.12 

1.280 

1083.29 

1661.98 

1951.32 

2240.66 

2819.34 

3398.02 

4566.39 

6712.76 

1.281 

1084.50 

1663.88 

1953.55 

2243.23 

2822.34 

3401.94 

4660.67 

5719.39 

1.282 

1085.71 

1665.77 

1955.78 

2245.80 

2826.84 

3405.87 

4565.93 

5726.03 

1.283 

10K6.91 

1667.66 

1958.01 

2248.37 

2829.09 

3409.80 

4571.22 

6732.67 

1.284 

1087.12 

1669.55 

1960.24 

2250.94 

2832.34 

3413.73 

4676.51 

6739.32 

1.285 

1089.35 

1671.43 

1962.47 

2253.51 

2835.59 

3417.66 

4581.82 

6745.97 

1.286 

1090.56 

1673.32 

19W.70 

2256.08 

2838.84 

3421.59 

4687.21 

6752.62 

1.287 

1091.77 

1675.21 

1966.93 

2258.65 

2842.09 

3425.52 

4692.50 

6759.27 

1.288 

1092.99 

1677.10 

1969.16 

2261.22 

2845.34 

3429.46 

4697.79 

6765.93 

1.289 

1094.21 

1679.00 

1971.40 

2263.80 

2848.60 

3133.40 

4603.09 

5772.69 

1.290 

1095.43 

1680.90 

1973.64 

2266.38 

2851.86 

3437.34 

4608.29 

5779.25 

1.291 

1096.64 

1682.79 

1975.85 

2268.96 

2855.12 

3441.28 

4613JJ9 

5785.91 

1.292 

1097.85 

1684.69 

1978.11 

2271.54 

2858.38 

3446.22 

4618.89 

6792.57 

1.293 

1099.07 

1686.59 

1980.35 

2274.12 

2861.64 

3449.16 

4624.20 

5799.24 

1.294 

1100.29 

1688.49 

1982.59 

2276.70 

2864.90 

3453.10 

4629.51 

5805.91 

1.295 

1101.51 

1690.39 

1984.83 

2279.28 

2868.16 

3467.05 

4634.82 

5812.58 

•  1.296 

1102.72 

1692.29 

1987.07 

2281.86 

2871.42 

3460.99 

4610.13 

5819.26 

1.297 

1103.93 

1694.19 

1989.31 

2284.44 

2874.68 

«J4o4.tr4 

4645.44 

5825.94 

1.298 

1105.15 

1696.09 

1991.55 

2287.02 

2877.95 

:i468.99 

4650.75 

5832.62 

1.299 

1106.37 

1697.99 

1993.80 

2289.61 

2881.22 

3472.94 

4656.07 

5839.30 

1.300 

1107.59 

1699.90 

1996.05 

2292.20 

2884.49 

3476.79 

4661.39 

5845.98 

1.301 

1108.81 

1701.80 

1998.29 

2294.78 

2887.76 

3480.74 

4666.71 

6852.67 

1.302 

1110.03 

1703.70 

2000.53 

2297.36 

2891.03 

3484.70 

4672.03 

6859.36 

1.303 

1111.25 

1705.60 

2002.77 

2299.95 

2894.30 

3488.66 

4677.35 

6866.05 

1.304 

1112.47 

1707.50 

2006.02 

2302.54 

2897.57 

3492.66 

4682.68 

6872.74 

1.305 

1113.69 

1709.41 

2007.27 

2305.13 

2900.&5 

3496.57 

4688.01 

6879.44 

1.306 

1114.91 

1711.31 

2009.52 

2307.72 

2904.12 

3600.53 

4693.34 

6886.14 

1.307 

1116.13 

1713.22 

2011.77 

2310.31 

2907.40 

3504.49 

4698.67 

5892.84 

1.308 

1117.35 

1715.13 

2014.02 

2313.90 

2910.68 

3508.45 

4704.00 

5899.55 

4o6 


D«pth 

OB 

W«tr. 

LBNOTH  OF  THE  WEIR 

9 

Fccc. 

4FMt 

6FMt 

7  Feet. 

8  Feet 

10  Feet 

IS  Feet 

16  Feet 

90  Feet 

1.309 

1118.52 

1717.04 

2016.27 

2316.49 

2913.96 

3512.42 

4709.34 

0906.26 

1.310 

1119.80 

1718.96 

2018.52 

2318.09 

2917.24 

3616.39 

4714.68 

0912.97 

1.311 

1121.62 

1720.86 

2020.77 

2320.68 

2920.52 

3620.36 

4720.02 

0919.68 

1.312 

1122.24 

1722.77 

2023.02 

2323.28 

2923.80 

3624.33 

4726.36 

0026.39 

1.313 

1123.47 

1724.68 

2025.27 

2325.88 

2927.08 

3628.30 

4730.70 

'  0933.11 

1.314 

1124.70 

1726.69 

2027.63 

2328.48 

2930.37 

3532.27 

4736.04 

0939.89 

1.315 

1125.92 

1728.60 

2029.79 

2331.08 

2933.66 

3636.24 

4741.40 

09460)5 

1.316 

1127.36 

1730.41 

2032.04 

2333.68 

2936.94 

3640.21 

4746.75 

0963.28 

1.317 

1128.69 

1732.32 

2034.29 

2336.28 

2940.23 

3644.18 

4762.10 

5960.01 

1.318 

1129.81 

1734.23 

2036.55 

2338.88 

2943J$2 

3648.18 

4767.45 

0966.74 

1.319 

1131.04 

1736.14 

2038.81 

2341.48 

2946.81 

3662.16 

4762.80 

5873.47 

1.320 

1132.04 

1738.06 

2041.07 

2344.08 

2950.10 

3656.12 

4768.16 

0960.20 

1.321 

1133.26 

1739.97 

2043.33 

2346.68 

2953.39 

3660.10 

4773.52 

0966.94 

1.322 

1134.48 

1741.88 

2045.69 

2349.28 

2956.68 

3664.08 

4778.88 

0983.68 

1.323 

1136.71 

1743.80 

2047.86 

2351.89 

2969.97 

3668.06 

4784.24 

6000.42 

1.324 

1136.94 

1746.72 

2060.11 

2364.60 

2963.07 

3572.05 

4789.60 

6007.16 

1.326 

1138.17 

1747.64 

2052.38 

2367.11 

2966.57 

3676.04 

4794.97 

6013.90 

1.326 

1130.39 

1749.66 

2064.64 

2369.72 

2969.87 

3680.03 

4800.36 

6000.66 

1.327 

1140.62 

1761.48 

2056.90 

2362.33 

2973,17 

3684.02 

4806.73 

6027.40 

1.328 

1141.86 

1763.40 

2069.16 

2364.94 

2976.47 

3688.01 

4811.10 

6034.16 

1.329 

1143.08 

1756.32 

2061.43 

2367.65 

2979.77 

3692.00 

4816.47 

6040.91 

1.330 

1144.31 

17OT.24 

2063.70 

2370.16 

2983.07 

3695.99 

4821.83 

6047.67 

1.831 

1146.64 

1759.16 

2066.96 

2372.77 

2966.37 

3589.98 

4827.21 

6064.43 

1.332 

1146.77 

1761.08 

2068.23 

2375.38 

2989.68 

3603.96 

4832.59 

6061.19 

1.333 

1148.00 

1763.90 

2070.60 

2377.99 

2992.99 

3607.98 

4837.97 

6067.96 

1U»4 

1764.92 

2072.77 

2380.61 

2996.30 

3611.98 

4843..'{5 

6074.73 

1.336 

1766.86 

2076.04 

2383.23 

2990.61 

3615.98 

40tO.  iTt 

6061.50 

1.336 

1768.77 

2077.31 

2386.84 

3002.92 

3619.98 

4854.13 

6068.27 

1.337 

1770.69 

2079.68 

2388.46 

3006.23 

3623.98 

4859.52 

6096.04 

1.338 

1772.60 

2081.86 

2391.08 

3009.54 

3627.99 

4864.91 

6101.82 

1.339 

1774.63 

2084.12 

2393.70 

3012.85 

3632.00 

4870.20 

6108.60 

1.340 

1776.47 

2086.40 

2396.32 

3016.17 

3636.01 

4876.70 

6115.38 

1.341 

1778.39 

2088.67 

2398.94 

3019.48 

3640.02 

4881.11 

6122.17 

1.342 

1780.32 

2090.94 

2401.66 

3022.79 

3644.03 

4886.62 

6128.96 

1.343 

1782.25 

2093.21 

2404.18 

3026.11 

3648.04 

4891.93 

6130.75 

1.344 



1784.18 

2095.49 

2406.80 

3029.43 

3662.06 

4897.34 

6142.64 

1.346 

1786.11 

2097.77 

2409.43 

3032.75 

3666.06 

4902.70 

6149.33 

1.346 

1788.04 

2100.06 

2412.05 

3036.07 

3660.08 

4908.22 

6106.13 

1.347 

1789.97 

2102.33 

2414.68 

3039.39 

3664.10 

4913.65 

6162.93 

1.348 

1791.90 

2104.61 

2417.31 

3042.71 

3668.12 

4919.08 

6169.73 

1.349 

1793.83 

2106.89 

2419.94 

3046.03 

3672.14 

4924.51 

6176.53 

1.350 

1796.77 

2109.17 

2422.57 

3049.36 

3676.16 

4929.75 

6183.34 

1.351 

1797.70 

2111.46 

2426.20 

3052.68 

3680.18 

4935.17 

6190.15 

1.362 

1799.63 

2113.73 

2427.83 

3066.01 

3684.20 

4040.69 

6196.96 

1.353 

1801JS6 

2116.01 

2430.46 

3059.34 

3688.22 

4946.01 

6203.77 

1.364 

1803.60 

2118.29 

2433.09 

3062.67 

3692.26 

4951.43 

G210JS9 

1.355 

1806.44 

2120.58 

2436.72 

3066.00 

3906.28 

4966.86 

6217.41 

1J3B6 

1807.37 

2122.86 

2438.36 

3069.33 

3700.31 

4962.27 

6224.23 

1.367 

1809.31 

2126.14 

2440.98 

3072.66 

3704.34 

4967.70 

6231.06 

\,SU^ 

1811.25 

2127.43 

2443.62 

3075.99 

3708.38 

4973.13 

6237.88 

1.369 

1813.19 

2129.72 

2446.26 

3079.33 

3712.42 

4978.66 

6M6.61 

1.860 

1815.13 

2132.01 

2448.90 

3062.67 

3716.45 

4983.99 

6251.54 

1.361 

1817.07 

2134.30 

2461.54 

3086.01 

3720.48 

4989.43 

6258.87 

1.362 

1819.01 

2136.58 

2454.18 

3089.36 

3724.62 

4994.87 

6265.21 

1.363 

1820.96 

2138.87 

2456.82 

3092.69 

3728.06 

50iM>.31 

6272.05 

1.364 

1822.89 

2141.16 

2459.46 

3096.03 

3732.60 

6005.75 

6378.89 

1.366 

1824.83 

2143.46 

2462.10 

3099.37 

3736.64 

6011.19 

6286.73 

1.366 

1826.77 

2146.76 

2464.74 

3102.71 

3740.68 

6016.63 

6292.58 

407 


Depth 

.  .  - 

- 

" 

on 
"Weir. 

LENGTH 

OF  THK  WEIB. 

Feat. 

6  Feet. 

7  Feet 

8  Feet. 

10  Feet. 

12  Feet 

16  Feet 

aOFeet 

1.367 

1828.71 

2148.08 

2467.38 

3106.05 

3744.72 

6022.07 

6299.43 

1.368 

1830.66 

2160.33 

2470.02 

3109.40 

3748.77 

6027.52 

6306.28 

1.369 

1832.69 

2152.63 

2472.66 

8112.76 

3762.82 

6032.97 

6313.13 

1.370 

1834.54 

2154.93 

2475.32 

3116.10 

3756.87 

6038.42 

6319.98 

1.371 

1836.48 

2157.22 

2477.96 

3119.46 

3760.92 

6043.87 

6326.84 

1.372 

1838.42 

2159.52 

2480.61 

3122.80 

3764.97 

5049.33 

6333.70 

1.373 

1840.37 

2161.82 

2483.26 

3126.15 

3769.02 

5064.79 

6340.66 

1.374 

1842.32 

2164.12 

2485.91 

3129.50 

3773.07 

5060.25 

6347.42 

1.375 

1844.27 

2166.42 

2488.56 

3132.86 

3777.13 

6066.71 

6354.28 

1.376 

1846.22 

2168.72 

2491.21 

3136.20 

3781.19 

6071.17 

6361.06 

1.377 

1848.17 

2171.02 

2493.86 

3139.55 

3786.25 

6076.63 

6368.02 

1.378 

1850.15 

2173.32 

2496.51 

3142.91 

3789.30 

6082.10 

6374.89 

1.379 

1852.10 

2175.62 

2499.16 

3146.27 

3793.36 

6087.57 

6381.77 

1.380 

'  1854.02 

2177.92 

2501.82 

3149.63 

3797.43 

6093.04 

6388.66 

1.381 

1855.97 

2180.22 

2504.47 

3152.99 

3801.49 

6098.51 

6396.63 

1.382 

1867.92 

2182.52 

2507.13 

3156.36 

3806.66 

6103.98 

6402.40 

1.383 

1859.87 

2184.82 

2609.79 

3169.71 

3810.62 

6109.46 

6409.30 

1.384 

1861.82 

2187.13 

2612.45 

3163.07 

3814.69 

5114.94 

6416.19 

1.385 

1863.78 

2189.44 

2615.11 

3166.43 

3817.76 

5120.42 

6423.08 

1.386 

1865.73 

2191.74 

2617.77 

3169.79 

3821.83 

5125.90 

6429.97 

1.387 

1867.68 

2194.05 

2520.43 

3173.16 

3826.90 

5181.34 

6436.86 

1.388 

1869.63 

2196.36 

2523.09 

3176.53 

3829.97 

5136.82 

0443.76 

1.389 

1871.69 

2198.67 

2526.76 

3179.90 

3834.06 

5142.31 

6460.66 

1.390 

1873.55 

2200.98 

2528.41 

3183.27 

3838.13 

5147.84 

6467.56 

1.391 

1876.50 

2203.29 

2631.07 

3186.64 

3842.12 

5153.35 

6464.47 

1.892 

1877.46 

2205.60 

2533.73 

3190.01 

3846.29 

5158.86 

6471.38 

1.393 

1879.42 

2207.91 

2536.40 

3193.38 

3860.37 

5164.38 

6478.29 

1.394 

1881.38 

2210.22 

2639.07 

3196.75 

3854.45 

6169.90 

6486.20 

1.395 

1883.34 

2212.54 

2641.74 

3200.13 

3858.53 

6175.32 

6492.11 

1.396 

1885.30 

2214.85 

2544.40 

3203.60 

3862.61 

6180.82 

6499.03 

1.397 

1887.26 

2217.16 

2547.07 

3206.88 

3866.69 

5186.32 

6606.96 

1.398 

1889.22 

2219.47 

2649.74 

3210.26 

3870.78 

5191.82 

6612.87 

1.399 

1891.18 

2221.79 

2552.41 

3213.64 

3876.87 

6197.32 

6619.86 

1.400 

1893.14 

2224.11 

2556.68 

3217.02 

3878.96 

5202.83 

6626.71 

1.401 

1896.10 

2226.43 

2557.75 

3220.40 

3883.05 

6208.34 

6533.64 

1.402 

1897.06 

2228.75 

2560.42 

3223.78 

3887.14 

5213.85 

6540.67 

1.403 

1899.02 

2231.07 

2563.09 

3227.16 

3891.23 

5219.36 

6647.60 

1.404 

1900.99 

2233.39 

2565.77 

3230.55 

3895.32 

6224.88 

6545.43 

1.405 

1902.96 

2235.71 

2568.45 

3233.94 

3899.42 

5230.40 

6661.37 

1.406 

1904.92 

2038.03 

2571.12 

3237.32 

3908.52 

5236.92 

6568.29 

1.407 

1906.88 

2040.35 

2573.79 

3240.71 

3907.62 

6239.44 

6676.21 

1.408 

1908.84 

2042.67 

■   2576.46 

3244.10 

3910.72 

6244.96 

6682.14 

1.409 

1910.81 

2044.99 

2579.13 

3247.49 

3913.82 

5248.48 

6689.17 

1.410 

1912.79 

2247.32 

2581.81 

3250.88 

3919.92 

5258.01 

6696.10 

1.411 

1914.76 

2249.64 

2584.94 

3254.27 

3924.02 

5263.54 

6603.06 

1.412 

1916.73 

2261.96 

2587.18 

3257.66 

3928.13 

5267.07 

6610.00 

1.413 

1918.70 

2254.78 

2589.88 

3261.05 

3932.24 

5272.60 

6616.95 

1.414 

1920.67 

2256.61 

2592.58 

3264.45 

3936.35 

5278.13 

6623.91 

1.415 

1922.64 

2268.94 

2695.25 

3267.85 

3940.46 

5285.67 

6630.87 

1.416 

1924.61 

2261.27 

2598.93 

3271.65 

3944.57 

5289.22 

6637.73 

1.417 

1926.58 

2263.60 

2601.61 

3274.05 

3948.68 

5292.76 

6644.60 

1.418 

1928.55 

2265.93 

2604.30 

3279.45 

3955.79 

5296.21 

6651.47 

1.419 

1930.52 

2268.26 

2606.99 

3280.85 

3959.90 

5299.65 

6668.34 

1.420 

1932.50 

2270.69 

2608.68 

3284.85 

3961.02 

5313.37 

6666.71 

1.421 

1934.47 

2272.92 

2611.37 

3288.25 

3966.14 

6318.92 

6672.69 

1.422 

1936.44 

2275.25 

2614.06 

3291.65 

3969.26 

6324.47 

6679.67 

1.423 

1938.42 

2277.68 

2616.75 

3295.05 

3973.38 

5fm.02 

6686.65 

1.424 

1940.40 

2279.91 

2619.44 

3298.46 

3977.51 

6335.67 

6693.63 

4o8 


r 
Depth 

on 
W«ir. 

LENGTH  OF  THE  WEIB. 

Feet 

6  Feet. 

7  Feet 

8  Feet 

10  Feet 

IS  Feet 

16  Feet 

20  Feet 

1.425 

1942.38 

2282.25 

2622.13 

3301.87 

3861.62 

6341.12 

6700.61 

1.426 

1944.35 

2281.58 

2624.83 

3305.28 

3965.75 

5346.67 

6707.C^ 

1.427 

1946.33 

2286.91 

2627  JJ2 

3308.69 

3989.88 

6362.23 

6714.58 

1.428 

1948.31 

2289.25 

2630.21 

3312.10 

3904.01 

63(97.79 

8721.58 

1.429 

1950.29 

2291.59 

2632.90 

3315.51 

3896.15 

5963.35 

6728.57 

1.430 

1952.27 

2293.93 

2635.60 

3318.93 

4002.25 

5368.91 

6736.57 

1.431 

1964.25 

2296.27 

2638.29 

3322.34 

4006.38 

6374.47 

6742.57 

1.432 

1966.23 

2298.61 

2640.99 

3325.75 

4010.61 

5380.01 

6749.67 

1.433 

1958.21 

2300.95 

2643.69 

3329.17 

4014.64 

5385.61 

6756.57 

1.434 

1960.19 

2303.09 

2646.39 

3332.69 

4018.78 

6391.18 

6763.57 

1.435 

1962.17 

2305.63 

2649.09 

3336.01 

4022.92 

5396.75 

6n0.58 

1.436 

1964.15 

2307.97 

2651.79 

3339.23 

4027.06 

5402.32 

6777.59 

1.437 

1966.13 

2310.31 

2664.49 

3342.45 

4031.20 

5407.90 

6784.60 

1.438 

1968.11 

2312.65 

2667.19 

3315.67 

4035.34 

M13.48 

6791.61 

1.439 

1970.09 

2315.00 

2659.89 

3318.89 

4039.48 

5419.06 

6796.63 

1.440 

1972.09 

2317.35 

2662.60 

3363.11 

4043.62 

6424.64 

6605.65 

1.441 

1974.07 

2319.69 

2665.30 

3356.53 

4047.76 

5430.22 

6612.67 

1.442 

1976.05 

2322.03 

2668.00 

3369.95 

4061.90 

5436.80 

6819.70 

1.443 

1978.04 

2324.38 

2670.71 

3363.38 

4066.05 

6441.39 

6626.73 

1.444 

1980.03 

2326.73 

2673.42 

3366.81 

4060.20 

5446.98 

6633.76 

1.445 

1962.02 

2329.08 

2676.13 

3370.24 

4064.35 

5452.57 

6640.79 

1.446 

1984.01 

2331.43 

2678.84 

3373.67 

4068.50 

5458.16 

9841.80 

1.447 

1986.00 

2333.78 

2681.55 

3377.10 

4072.65 

5463.75 

6654.63 

1.448 

1987.99 

2336.13 

2684.26 

3380.63 

4076.80 

0469.34 

6661.87 

1.449 

1989.98 

2338.48 

2686.97 

3383.96 

4080.96 

5474.94 

6666.91' 

1.450 

1991.97 

2340.83 

2689.69 

3387.40 

4085.12 

MWM 

6875.97 

1.451 

1993.96 

2343.18 

2692.40 

3390.83 

4089.27 

5486.14 

6883.01 

1.452 

1995.95 

2345.53 

2695.11 

3394.27 

4093.43 

5491.74 

6890.06 

1.453 

1997.94 

2347.88 

2697.82 

3397.71 

4097.69 

5497.34 

6697.11 

1.454 

1999.93 

2360.24 

2700.64 

3401.15 

4101.75 

5602.96 

6804.16 

1.455 

2001.93 

2352.60 

2703.26 

3404.59 

4106.91 

6006.56 

6911.21 

1.456 

2203.92 

2354.95 

2705.97 

3408.03 

4110.07 

0514.17 

6918.27 

1.457 

2205.91 

2357.30 

2708.69 

3411.47 

4114.23 

6619.78 

6025.33 

1.458 

2207.91 

2359.66 

2711.41 

3414.91 

4118.40 

6525.39 

6932.39 

1.459 

2209.91 

2362.06 

2714.13 

3418.36 

4122.67 

6531.01 

6639.45 

1.460 

2011.91 

2364.38 

2716.85 

3421.80 

4126.74 

6636.63 

6946^)2 

1.461 

2013.90 

2366.74 

2719.57 

3425.24 

4130.91 

6642.25 

6BfKU>9 

1.462 

2015.90 

2369.10 

2722.29 

3428.69 

4136.08 

0(H7.87 

6860.66 

1.463 

2017.90 

2371.46 

2725.01 

3432.14 

4139.25 

0653.49 

6B67.73 

1.461 

2019.90 

2373.82 

2727.74 

3436.59 

4143.43 

0068.11 

6074.80 

1.465 

2021.90 

2376.18 

2730.47 

3439.04 

4147.61 

6604.74 

6861.88 

1.466 

2023.90 

2378.64 

2733.19 

3442.49 

4161.78 

6570.37 

6886.96 

1.467 

2025.90 

2380.90 

2735.91 

3445.94 

4155.96 

5076.00 

6096.04 

1.468 

2027.90 

2383.26 

2738.64 

3449.39 

4160.14 

5681.63 

7003.12 

1.469 

2029.90 

2385.63 

2741.37 

3462.84 

4164.28 

5587.26 

7010.21 

1.470 

2031.90 

2388.00 

2744.10 

3466.30 

4168.50 

6082.90 

7017.30 

1.471 

2033.90 

2390.36 

2746.83 

3469.75 

4172.68 

6686.04 

7024.39 

1.472 

2035.90 

2392.73 

2749.56 

3463.21 

4176.86 

0604.18 

7031.48 

1.473 

2037.90 

2395.10 

2752.29 

3166.67 

4181.06 

0609.82 

7088JS7 

1.474 

2039.91 

2397.47 

2755.02 

3470.13 

4186.24 

0610.46 

7040.67 

1.475 

2041.92 

2399.84 

2757.76 

3473.69 

4189.48 

0621.10 

TM2.77 

1.476 

2043.92 

2402.21 

2760.49 

3477.06 

4193.62 

5626.75 

7000.87 

i.4n 

2045.92 

2404.58 

2763.22 

3480.61 

4197.81 

5632.41 

7066.97 

1.478 

2047.93 

2406.95 

2765.95 

3483.97 

4201.90 

6638.06 

T074.O6 

1.479 

2049.94 

2409.32 

2768.69 

3487.44 

4206.09 

6643.72 

>  7061.19 

1.480 

2051.95 

2411.69 

2771,43 

3490.91 

4210.39 

6648  J» 

7086.30 

1.481 

2053.96 

2414.06 

2774.10 

3494.38 

4214.58 

0600.04 

7085.42 

1.482 

2055.97 

2416.43 

2776.77 

3497.86 

4218.78 

5660.70 

7102.01 

409 


Depth 

OB 

W«lr. 

LBKOTH 

OF  THE  WJSIK. 

Feel. 

6FML 

7Fwt. 

8FMt 

10  Feat. 

12  Feet. 

16  Feet 

aOFeet. 

1.483 

2067.96 

2418.80 

2779.44 

3601.32 

4222.9fi 

5666.36 

7109.66 

1.4M 

2069.99 

2421.18 

2782.12 

3604.79 

>   4227.1S 

6672.02 

7116.78 

1.485 

2062.00 

2423.56 

2786.13 

3608.26 

4231.38 

6677.64 

7123.90 

k486 

2064.01 

2426.93 

2787.87 

3511.73 

4235.58 

6683.30 

7131.62 

1.487 

2066.02 

2428.31 

2790.61 

3515.20 

4239.78 

5688.96 

7138.15 

1.488 

2068.03 

2430.69 

2793.35 

3518.67 

4243.9S 

5694.63 

7146.28 

1.489 

2070.01 

2433.07 

2796.09 

3512.15 

4248.20 

6700.30 

7152.41 

1.490 

2072.06 

2435.45 

2798.84 

3526.63 

4252.41 

.  5705.97 

7159.54 

1.491 

2074.07 

2437.83 

2801J» 

3529.10 

4256.62 

5711.64 

7166.68 

1.492 

2076.06 

2440.21 

2804.33 

3532.58 

4260.83 

5717.31 

7173.82 

1.493 

2078.09 

2442.59 

2807.08 

.3536.06 

4265.04 

5722.99 

7180.96 

1.491 

2080.11 

2444.97 

2809.83 

3539.54 

4269.25 

6728.67 

7188.i0 

1.495 

2062.13 

2447.35 

2812.58 

3543.02 

4273.47 

5734.35 

7195.24 

1.496 

2084.14 

2449.73 

2816.33 

3546.50 

4277.68 

5740.03 

7202.39 

1.497 

2086.16 

2152.11 

2818.08 

3649.98 

4281.90 

6745.71 

7209.54 

1.496 

2088.18 

2454.50 

2820.83 

3553.46 

4286.12 

5751.40 

7216.69 

1.499 

2000.20 

2456.89 

2823.58 

3556.95 

4290.34 

6757.09 

7223.84 

IJMM) 

2092.22 

2459.28 

2826.33 

3560.44 

4294.56 

5762.78 

7231.00 

1.501 

2094.24 

2161.66 

2829.08 

3663.93 

4298.78 

6768.47 

7238.16 

1.502 

2096.26 

2464.04 

2831.83 

3567.42 

4303.00 

6774.16 

7245.32 

1.503 

2098.28 

2466.43 

2834.59 

3570.91 

4307.22 

5779.85 

7252.48 

1.504 

2100.30 

2468.82 

2837.35 

3574.40 

4311.45 

5785.55 

7259.65 

1.505 

2102.32 

2471.21 

2840.11 

3577.89 

4315.68 

5791.25 

7266.82 

1.506 

2104.a4 

2473.60 

2842.86 

3581.38 

4319.91 

5796.95 

7273.99 

1.507 

2106.36 

2475.99 

2845.62 

3584.87 

4324.14 

6802.65 

7281.16 

1.506 

2108.38 

2478.38 

2848.38 

3588.36 

4328.37 

6808.35 

7288.83 

1.509 

2110.41 

2480.77 

2851.14 

3591.86 

4332.60 

5814.05 

7295.51 

1.510 

2112.43 

2483.17 

2853.90 

3595.36 

4336.83 

5819.76 

7302.69 

1.511 

2114.45 

2485.56 

2856.66 

3598.8G 

4341.06 

5825.47 

7309.87 

1.512 

2116.47 

2487.95 

2859.42 

3602.36 

4345.30 

6831.18 

7317.05 

1.513 

2118.50 

2490.34 

2862.18 

3605.86 

4349.54 

5836.89 

7324.24 

1.514 

2020.53 

2492.74 

2864.94 

3609.36 

4353.78 

5812.60 

7331.43 

1.515 

2122.56 

2495.14 

2867.71 

3612.86 

4358.02 

5848.32 

7338.62 

1.516 

2124.58 

2497.53 

2870.47 

3616.36 

4362.20 

5854.04 

7345.81 

1.517 

2126.61 

2499.93 

2873.24 

3619.86 

4366.44 

5859.76 

7353.01 

1.518 

2128.64 

2502.33 

2876.01 

3623.37 

4370.68 

5865.48 

7360.21 

1.519 

2130.67 

2504.73 

2878.78 

3626.88 

4374.92 

5871.20 

7867.41 

1.520 

2132,70 

2507.13 

2881.55 

3630.39 

4379.23 

5876.92 

7374.61 

1.521 

2134.73 

2509.53 

2884.32 

3633.90 

4383.48 

5882.64 

7381.81 

1.522 

2136.76 

2511.93 

2887.09 

3637.41 

4387.73 

5888.S7 

7389.02 

1.523 

2138.79 

2514.33 

2889.86 

3640.92 

4391.98 

5894.10 

7396.23 

1.524 

2140.83 

2516.73 

2892.63 

3644.43 

4396.23 

5899.83 

7403.44 

1.525 

2142.86 

2519.13 

2895.40 

3647.94 

4400.48 

5905.56 

7410.65 

1.526 

2144.89 

2521.53 

2898.17 

3651.45 

4404.73 

5911.29 

7417.86 

1.527 

2146.92 

2523.93 

2900,94 

3654.96 

4408.98 

5917.03 

7425.08 

1.628 

2149.95 

2526.33 

2903.72 

3658.48 

4413.24 

59'<?2.77 

7432.30 

1.529 

2151.99 

2528.74 

2906.50 

3662.00 

4417.50 

5928.51 

7439.52 

1.530 

2153.03 

2531.15 

2909.28 

3665.52 

4421.70 

5934.20 

7446.74 

1.531 

2155.06 

2533.66 

2912.05 

3669.04 

4426.02 

5939.99 

7453.97 

1.532 

2157.10 

2535.96 

2914.83 

3672.56 

4430.28 

5945.74 

7461.20 

1.533 

2159.14 

2538.37 

2917.61 

3676.08 

4434.54 

5951.49 

7468.43 

1JS34 

2161.28 

2540.78 

2920.39 

3679.60 

4438.81 

5957.24 

7475.66 

1JS35 

2163.21 

2543.19 

2923.17 

3683.12 

4443.08 

5962.99 

7482.90 

1.536 

2165.25 

2545.60 

2925.95 

3686.64 

4447.34 

5968.74 

7490.14 

1.537 

2167.29 

2548.01 

2928.73 

3690.161 

4451.61 

5974.49 

7497.38 

1.538 

2169.33 

2550.42 

2931.51 

3693.69 

4455.88 

5980.25' 

7504.62 

1.539 

2171.37 

2552.83 

2934.29 

3697.22 

4460.15 

5986.001 

7511.86, 

liSlO 

2173.41 

2565.24 

2937.08 

3700.75 

4464.42 

6991.77 

7519.11 

1 
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I>«|ith 

on 

"Ww. 

LVNOTH 

OF  THE  W1SIR. 

FMt 

6FMt 

7FMt. 

8  Feet 

10  Feet. 

12  Feet. 

K  Feet. 

20  Feet. 

1.541 

2175.45 

26ffr.65 

2939.80 

3704.28 

4468.69 

5997.53 

7526.36 

1.M2 

2177.49 

2660.06 

2942.64 

3707.81 

4472.96 

6003.29 

7633.61 

1.543 

21794S3 

2662.48 

2945.43 

3711.34 

4477.18 

6009.05 

7540.86 

1.544 

2181.57 

2664.90 

2948.22 

3714.87 

4481.38 

6014.82 

7548.11 

1.545 

2183.62 

2667.32 

2961.01 

3718.41 

4485.80 

6020.59 

7655417 

1.546 

2185.66 

2569.73 

2953.80 

3721.91 

4490.06 

6026.56 

7662.63, 

1.547 

2187.70 

2572.14 

2966.69 

3726.47 

4494.86 

60a2..3:) 

7569.89 

IMS 

2189.75 

•    2674JS6 

2959.38 

3729.01 

4498.64 

6038.10 

7577.15! 

1.549 

2191.80 

2676.96 

2962.17 

3732.55 

4502.92 

6043.87 

7584.42 

1.560 

2193.85 

2579.40 

2964.96 

3736.09 

4507.21 

6049.45 

7691.69 

1.551 

2196.89 

2581.82 

2967.76 

3739.63 

4511.49 

6065.23 

7596.96' 

1JUV2 

2197.93 

2584.24 

2970.54 

3743.17 

4515.78 

6061.01 

7606.23= 

1.553 

2199.98 

2586.66 

2973.33 

3746.71 

4520.07 

6066.79 

7613.51 

1.554 

2202.03 

2589.08 

2976.13 

3750.25 

4524.36 

6072.57 

7620.79 

1.555 

2204.08 

2691.51 

2978.93 

3763.79 

4528.65 

6078.36 

7628.07 

1.556 

2206.13 

2593.93 

2981.72 

3757.33 

4532.94 

6084.15 

7635.35' 

1.557 

2206.18 

2596.35 

2984.52 

3760.87 

4537.23 

6089.91 

7642.63 

1.558 

2210.23 

2598.77 

2987.32 

ff764.41 

4541.52 

6095.73 

7649.92 

1.559 

2212.28 

2601.20 

2990.01 

3767.95 

4545.82 

6101  J$2 

7657.21 

1.560 

2214.33 

2603.63 

2992.92 

3771.52 

4550.12 

6107.31 

7664.50 

1.561 

2216.38 

2606.06 

2995.72 

3775.57 

4554.42 

6113.10 

7671.79 

1.C62 

2218.43 

2668.47 

2996.52 

3778.62 

4558.72 

6118.90 

7679.09 

1.563 

2220.48 

2670.90 

3001.32 

3782.17 

4563.02 

6124.70 

7686.39< 

1US64 

2222.54 

2673.33 

3004.12 

3786.72 

4667.02 

6130  JSO 

7693.69' 

1.565 

2224.69 

2615.76 

3006.98 

3789.28 

4571.62 

6136.30 

7700.99 

1.666 

2226.64 

2618.19 

3009.78 

3792.83 

4575.92 

6142.10 

7708.291 

1.667 

2228.69 

2620.62 

3012.53 

3796.38 

4680.22 

6147.91 

7715.30 

1JI68 

2230.76 

2623.06 

3015.34 

3799.94 

4584.53 

6153.72 

7722.61 

1.569 

2232.81 

2625.48 

3018.15 

8803.50 

4588.84 

6159.53 

7729.92 

1.570 

2234.87 

2627.92 

3020.96 

8807.06 

4593.16 

6165.34 

7737.53 

1.671 

2236.91 

2630.36 

3023.77 

8810.62 

4597.46 

6171.15 

7744.85 

1.572 

2238.95 

2632.78 

3026.58 

8814.18 

4601.77 

6176.96 

7768.17 

1.573 

2240.99 

2636.21 

3029.39 

8817.74 

4606.08 

6182.78 

7750.49 

1.574 

2243.04 

2637.64 

3032.20 

8821.80 

4610.40 

6188.60 

7766.81 

1.575 

2^5.16 

2640.08 

3035.01 

8824.86 

4614.72 

6194.42 

7774.13 

1.576 

2247.22 

2642.51 

3037.82 

8828.42 

4619.03 

6200.24 

7781.46 

i.5n 

2249.28 

2644.95 

3040.63 

8831.98 

4623.35 

6206.06 

7788.79 

1.578 

2251.34 

2647.39 

3043.44 

3835.55 

4627.67 

6211.89 

7796.12 

1.579 

2253.40 

2649.83 

3046.26 

3838.12 

4631.99 

6217.72 

7803.45 

1.580 

2265.46 

2652.27 

3049.06 

3M2.69 

4686.31 

6223.55 

7810.78 

1.681 

2267.52 

2654.71 

3051.89 

8846.25 

4640.63 

6^229.38 

7818.12 

1.682 

2259.58 

2657.16 

3054.70 

3849.81 

4644.95 

6236.21 

7825.46 

1.583 

2261.64 

2659.59 

3067.62 

8853.37 

4649.28 

6241.04 

7832.80 

1.584 

2263.71 

2662.03 

3060.34 

3866.93 

4653.60 

6246.87 

7840.14 

1.585 

2265.78 

2664.47 

3063.16 

3860.55 

4657.94 

6252.71 

7847.49 

1.686 

2267.84 

2666.91 

3065.98 

3864.12 

4662.27 

6268.55 

7864.84 

1.587 

2269.90 

2669.36 

3068.80 

8867.69 

4666.60 

6264.39 

7862.19 

1.588 

2271.97 

2671.79 

3071.62 

8871.27 

4670.93 

6270.23 

7869.54 

1.689 

2274.04 

2674.24 

3074.44 

3874.85 

4675.26 

6276.07 

7876.89 

1.690 

2276.11 

2676.69 

3077.27 

3878.43 

4679.60 

6281.92 

7884.25 

1.691 

2278.17 

2679.13 

3080.09 

3882.01 

4683.93 

6287.77 

7892.61 

1.592 

2280.24 

2681.57 

3082.91 

3885.59 

4688.26 

6293.65 

7889.97 

1.693 

2282.31 

2684.02 

3085.73 

3889.17 

4692.60 

6299.55 

7807.33 

1.694 

2284.38 

2686.47 

3088.56 

3892.75 

4696.94 

6305.40 

7814.70 

1.595 

2286.45 

2688.92 

3091.39 

3896.34 

4701.28 

6311.18 

7921.07 

1.696 

2288.61 

2691.37 

3094.22 

3899.92 

4706.62 

6317.03 

7928.44 

1.597 

2290.68 

2693.82 

3097.06 

3903.60 

4709.96 

6322.89 

7996.81 

1.596 

2292.65 

2696.27 

3099.88 

3907.09 

4714.30 

6328.75, 

7944.18' 

1 
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Depth 

on 

Weir. 

LBKOTH  OE,  TBS  WBIB. 

FMt 

«F«et 

7  Feet 

8  Feet. 

10  Feet. 

IS  Feet. 

16  Feet 

90  Feet 

1.599 

2291.72 

2698.72 

3102.71 

3910.68 

4718.66 

6334.61 

7961.66 

i.eoo 

2296.8C 

2701.17 

3105.54 

3914.27 

4723.00 

6340.47 

7967.94 

1.601 

2298.87 

2703.62 

3108.37 

3917.86 

4727.35 

6346.33 

7965.32 

1.602 

2300.94 

2706.07 

3111.20 

3921.45 

4731.70 

6352.20 

7973.70 

1.603 

2303.02 

2708.62 

3114.03 

3925.04 

4736.05 

6358.07 

7981.08 

1.604 

2306.19 

2710.97 

3116.86 

3928.63 

4740.40 

6363.94 

7988.48 

1.605 

2307.17 

2713.43 

3119.70 

3932.23 

4744.75 

6369.81 

7994.86 

1.606 

2309.24 

2716.88 

3122.53 

3^6.82 

4749.10 

'  6375.68 

8002.25 

1.607 

2311.31 

2518.34 

3125.36 

3939.41 

4763.46 

6381.56 

8009.64 

1.606 

2313.39 

2520.80 

3128.20 

3943.01 

4757.82 

6388.43 

8017.04 

1.609 

2316.47 

2623.26 

3131.04 

3946.61 

4762.18 

6394.31 

8024.44 

1.610 

2317.65 

2725.72 

3133.88 

3960.21 

4766.54 

6399.19 

8031.84 

1.611 

2319.63 

2728.17 

3136.72 

3963.81 

4770.90 

6405.07 

8039.24 

1.612 

2321.71 

2730.63 

3139.66 

3957.41 

4775.26 

6410.95 

8046.66 

1.613 

2323.89 

2733.09 

3142.44 

3961.01 

4779.62 

6416.83 

8054.06 

1.614 

2326.97 

2736.55 

3145.28 

3964.61 

4783.98 

6422.72 

8061.47 

1.615 

2327.95 

2738.01 

3148.08 

3968.21 

4788.34 

6428.61 

8068.88 

1.616 

2330.03 

2740.47 

3150.92 

3971.81 

4792.71 

6434.50 

8076.29 

1.617 

2332.11 

2742.93 

3153.76 

3975.41 

4797.08 

6440.39 

8083.71 

1.618 

2334.19 

2746.40 

3156.60 

3979.02 

'  4801.45 

6446.28 

8091.13 

1.619 

2336.28 

2747.87 

3159.45 

3982.63 

4806.82 

6462.18 

8098.56 

1.620 

2338.36 

2750..33 

3162.30 

3986.24 

4810.19 

6468.08 

8106.97 

1.621 

2340.44 

2752.79 

3165.14 

3989.85 

4814.56 

6463.98 

8113.39 

1.622 

2342.62 

2765.25 

3167.99 

3993.45 

4818.93 

6469.88 

8120.82 

1.623 

2344.60 

2757.72 

3170.84 

3997.06 

4823.30 

6476.78 

8128.25 

1.624 

2346.69 

2760.19 

3173.69 

4000.67 

4827.68 

6481.68 

8135.68 

1.625 

2348.78 

2762.66 

3176.64 

4004.30 

4832.06 

6487.58 

8143.11 

1.626 

2360.86 

2765.12 

3179.39 

4007.91 

4836.44 

6493.49 

8160.56 

1.627 

2362.94 

2767.59 

3182.24 

4011.52 

4840.82 

6499.40 

8157.99 

1.628 

2355.03 

2770.06 

3185.09 

4015.14 

4845.10 

6505.31 

8166.43 

1.629 

2357.12 

2772.53 

3187.94 

4018.76 

4849.48 

6611.22 

8172.87 

1.630 

2359.21 

2775.00 

3190.79 

.   4022.38 

4853.97 

6617.13 

8180.31 

1.631 

2361.29 

2777.47 

3193.64 

4026.00 

4858.35 

6323.05 

8181.76 

1.632 

2363.38 

2779.94 

3196.49 

4029.62 

4862.73 

6328.07 

8195.21 

1.633 

2365.47 

2782.41 

3199.35 

4033.24 

4867.12 

6234.89 

8202.66 

1.634 

2367.56 

2784.88 

3202.21 

4036.86 

4871.51 

6240.81 

8210.11 

1.635 

2369.65 

2787.36 

3205.07 

4040.48 

4875.90 

6546.73 

8217.56 

1.636 

2371.74 

2789.83 

3207.92 

4044.10 

4880.29 

6552.65 

8225.02 

1.637 

2373.83 

2792.30 

3210.78 

4047.72 

4884.68 

6568.57 

8232.48 

1.638 

2376.92 

2794.78 

3213.64 

4051.35 

4889.07 

6564.50 

8239.94 

1.639 

2378.01 

2797.26 

3216.50 

4064.98 

4893.46 

6570.33 

8247.40 

1.640 

2380.11 

2799.74 

3219.36 

4058.61 

4897.86 

6676.36 

8254.86 

1.641 

2382.20 

2802.21 

3222.22 

4062.24 

4902.26 

6582.29 

8262.33 

1.642 

2384.29 

2804.69 

3225.08 

4065.87 

4906.66 

6588.22 

8269.80 

1.643 

2386.38 

2807.17 

3227.94 

4069.50 

4911.06 

6594.16 

8277.27 

1.644 

2388.48 

2809.65 

3230.80 

4073.13 

4915.46 

6600.10 

8284.74 

1.645 

2390.58 

2812.13 

3233.07 

4076.76 

4919.86 

6606.04 

8292.22 

1.646 

2392.67 

2814.61 

3236.53 

4080.39 

4924.26 

6611.98 

8299.70 

1.647 

2394.77 

2817.09 

3239.40 

4084.02 

4928.66 

6617.93 

8307.18 

1.648 

2396.87 

2819.57 

3242.27 

4087.66 

4933.06 

6623.87 

8314.66 

1.649 

2398.97 

2822.05 

3245.14 

4091.30 

4937.47 

6629.81 

8322.14 

1.660 

2401.07 

2824.54 

3248.01 

4094.94 

4941.88 

6635.75 

8329.63 

1.651 

2403.16 

2827.02 

3250.87 

4098.58 

4946.29 

6641.70 

8337.12 

1.652 

2406.26 

2829.50 

3253.74 

4102.22 

4950.70 

6647.65 

8344.61 

1.653 

2407.36 

2831.98 

3256.61 

4105.86 

4955.11 

6663.60 

8362.10 

1.654 

2409.46 

2834.47 

3259.54 

4109.58 

4959.52 

6669.55 

8369.60 

1.655 

2411.56 

2836.96 

3262.35 

4113.15 

4963.94 

6665.51 

8367.10 

1.666 

2413.66 

2839.44 

3265.22 

4116.79 

4968.35 

6671.47 

8374.60 

412 


Depth 

on 

T.F.KOTH  OF  THE 

WEIK. 

Weir. 

Foet. 

(iFect 

7  Feet. 

8  Feet. 

10  Feet 

13  Feet 

16  Feet 

aOFaet 

1.657 

2413.76 

2841.93 

3268.09 

•  4120.43 

4972.76 

6677.43 

8382.10 

1.C58! 

2417.86 

2844.42 

3270.96 

4124.07 

4977.18 

6683.39 

8389.60 

1.659, 

2419.96 

2846.91 

3273.84 

4127.71 

4961.60 

6689.36 

8387.11 

1.6(i0 

2422.07 

2849.40 

3276.72 

4131.37 

4966.02 

6695.32 

8404.62 

1.6U1 

2424.17 

2851.89 

3279.69 

4136.02 

4980.44 

6701.28 

8412.13 

1.662 

2426.27 

2864.34 

3282.47 

4138.67 

4904.86 

6707.25 

8419.64 

1.063 

2428.37 

2866.79 

3285.35 

4142.32 

4909.28 

6713.22 

8427.15 

1.664 

2430.48 

2859.24 

3288.23 

4146.97 

6004.70 

6719.19 

8434.67 

1.665 

2432.59 

2861.85 

3291.11 

4149.62 

6006.13 

6725.16 

84^19 

1.666 

2134.69 

2864.34 

3293.99 

4153.07 

6012.66 

6731.03 

8449.71 

1.667 

2436.80 

2866.83 

3296.87 

4156.62 

6016.90 

6736.90 

8407.23 

1.668 

2438.91 

2869.32 

3299.75 

4169.98 

6021.42 

6742.78 

8464.75 

1.669 

2440.02 

2871.82 

3302.63 

4163.44 

6025.86 

6748.66 

8472.28 

1,670 

2443.13 

2874.32 

3306.61 

4167.90 

6030.28 

6756.04 

8479.81 

1.671 

2445.24 

2876.81 

3306.39 

4171.66 

6034.71 

6761.02 

8487.34 

1.672 

2447.35 

2879.31 

3311.27 

4175.22 

6030.14 

6767.00 

8494.87 

1.073 

2449.46 

2881.81 

3314.16 

4178.88 

tMSJN 

6772.99 

8602.41 

1.674 

2451.67 

2884.31 

3317.05 

4182.64 

6048.01 

0n8.96 

8S09.96 

1.675 

2153.68 

2886.81 

3:^19.94 

4186.20 

6062.46 

6784.97 

8917.49 

1.676 

2455.79 

2889.30 

3322.82 

4189.86 

6066.89 

6790.96 

8025.03 

1.677 

2457.90 

2891.80 

3325.71 

4193.52 

6061.33 

6796.95 

8632.97 

1.678 

2460.01 

2894.30 

3328.60 

4197.18 

6065.77 

6802.94 

8640.12 

1.679 

2462.12 

2896.80 

3331.49 

4200.85 

6070.21 

6806.94 

8647.67 

1.680 

2464.24 

2899.31 

3334.38 

4204.62 

6074.66 

6814.94 

8SB6.22 

1.681 

2466.35 

2901.81 

3337.27 

4208.19 

6079.10 

6820.94 

8082.77 

1.682 

2468.46 

2904.31 

3340.16 

4211.86 

6083.34 

6826.94 

8570.33 

1.683 

2470.58 

2906.81 

3343.05 

4215.63 

6087.99 

6832.94 

6977.89 

1.684 

2472.70 

2909.31 

3345.94 

4219.20 

6092.44 

6838.94 

8665.46 

1.685 

2474.81 

2911.82 

3348.84 

4222.87 

6096.89 

6844.95 

8603.01 

1.686 

2476.92 

2914.32 

3351.73 

4226.54 

6101.34 

6860.96 

6600.97 

1.687 

2179.03 

2916.83 

3354.62 

4230.21 

5106.79 

6866.97 

8606.13 

1.688 

2181.15 

2919.34 

3357.62 

4233.88 

5110.24 

6862.98 

8616.70 

1.689 

2483.27 

2921.85 

3360.42 

4237.55 

6114.70 

6868.99 

6623.27 

1.690 

2485.39 

2924.36 

3363.32 

4241.24 

6119.16 

6876.00 

8630.81 

1.69t 

2487.51 

2926.86 

3366.21 

4244.91 

6123.61 

6881.01 

6638.41 

1.692 

2489.63 

2929.37 

3369.11 

4248.59 

6128.07 

6887.03 

8646.99 

1.693 

2491.75 

2931.88 

3372.01 

4252.27 

6132Jf3 

6893.05 

6603.67 

1.694 

2493.87 

2934.39 

3374.91 

4255.96 

6136.99 

6899.07 

8661.16 

1.695 

2195.99 

2936.90 

3377.81 

4259.63 

6141.46 

6006.09 

8668.73 

1.696 

2496.11 

2939.41 

3380.71 

4263.31 

6146.91 

0911.11 

8676.31 

1.697 

2500.23 

2941.92 

3383.61 

4266.99 

5160.37 

6617.13 

8683.90 

1.696 

2502.35 

2914.43 

3386.61 

4270.67 

6154.88 

6823.16 

8691.48 

1.699 

2504.47 

2946.94 

3389.42 

4274.36 

6169.31 

6829.18 

8600.06 

1.700 

2506.60 

2919.46 

3392.33 

4278.05 

5163.78 

6936.22 

8706.67 

1.701 

2508.72 

2951.97 

3395.23 

4281.74 

6168.26 

6941.25 

8ni.27 

1.702 

2510.84 

2954.48 

3398.13 

4285.43 

6172.72 

6947.28 

8721.87 

1.703 

2512.97 

2957.00 

3401.04 

4289.12 

6177.19 

6863.32 

8729.47 

1.704 

2515.10 

2959.52 

3403.95 

4292.81 

6181.66 

6869.36 

8737.07 

1.705 

2517.22 

2962.04 

3406.86 

4296.60 

6186.18 

6866.40 

8744.67 

1.706 

2519.34 

2964.55 

3409.77 

4201.19 

6190.00 

69n.44 

87S2.28 

1.707 

2521.47 

2967.07 

3412.68 

4204.88 

6196.07 

6977.48 

8760.88 

1  708 

2523  60 

2969.59 

3415.69 

4208  57 

6199JS6 

6068.6? 

8M7JI1I 

Xel  VO 

1.709 

2525,73 

2972.11 

3418.60 

4212.26 

6204.03 

6068.67 

^6  Vf  •4Rr 

8776.11 

1.710 

2527.86 

2974.63 

3421.41 

4314.96 

6208JS1 

6886.61 

8782.72 

1.711 

2529.98 

2977.1B 

3424.32 

4318.66 

6212.99 

7001.66 

8780.33 

1.712 

2532.10 

2979.67 

3427.23 

4322.35 

6217.47 

7007.71 

8787.94 

1.713 

2534.29 

2962.1S 

)       3430.14 

4326.05 

6221.96 

7013.76 

8606.66 

1.714 

2638.36 

;       2984.71 

3433.06 

4329.76 

5226.46 

7018^ 

8813.18 

4»3 


Depth 

on 
Weir. 

LBNGTE 

[  OF  THE 

wf:ib. 

Feet. 

6  Feet. 

7  Feet 

8  Feet 

10  Feet 

12  Feet 

16  Feet 

20  Feet. 

1.715 

2538.50 

2987.24 

3436.96 

4333.46 

6230.94 

7025.87 

8820.82 

1.716 

2540.63 

2969.76 

3438.89 

4387.16 

6236.42 

7031.93 

8828.46 

1.717 

2542.76 

2992.28 

3441.80 

4340.86 

6239.90 

7037.99 

8836.06 

1.718 

2544.89 

2994.80 

3144.72 

4344.66 

6243.38 

7044.06 

8843.71 

1.719 

2647.03 

2997.33 

3417.64 

4348.26 

6247.87 

7050.11 

8861.34 

1.720 

2649.16 

2999.06 

3150.56 

4361.96 

5253.36 

7066.17 

8868.97 

1.721 

.  2651.29 

3002.38 

3463.48 

4355.66 

6267.85 

7062.23 

8866.61 

1.722 

2653.42 

3004.91 

3156.40 

4369.37 

5262.34 

7066.30 

8874.26 

1.723 

2655.65 

3007.44 

3469.32 

4363.08 

5266.84 

7073.37 

8881.89 

1.724 

2557.69 

3009.97 

3462.24 

4366.79 

5271.34 

7079.43 

8889.63 

1.726 

2659.83 

3012.50 

3465.17 

4370.60 

5275.84 

7086.51 

8897.17 

1.726 

2561.96 

3016.03 

3168.09 

4374.21 

6280.34 

7092.68 

8904.82 

1.727 

2663.10 

3017.66 

3471.01 

4377.92 

6284.84 

7098.65 

8912.47 

1.728 

2566.24 

3020.09 

3473.93 

4381.63 

6289.34 

7104.72 

8920.12 

1.729 

2567.38 

3022.62 

3476.86 

4385.34 

6293.84 

7101.80 

8927.77 

1.730 

2570.52 

3025.15 

3479.79 

4389.06 

6298.34 

7116.88 

8936.43 

1.731 

2572.65 

3027.68 

3482.71 

4392.77 

5302.84 

7122.96 

8943.09 

1.732 

2574.79 

3030.21 

3485.64 

4396.49 

6307.34 

7129.04 

8950.76 

1.733 

2576.93 

3032.74 

3488.57 

4400.21 

5311.85 

7135.12 

8968.41 

1.734 

2679.07 

3036.28 

3491.50 

4403.93 

5316.36 

7141.21 

8966.07 

1.735 

2681.21 

3037.82 

3491.43 

4407.65 

6320.87 

7147.30 

8973.74 

1.736 

2683.35 

3040.36 

^97.36 

4411.36 

5326.31 

7153.39 

8981.41 

1.737 

2585.49 

3042.88 

3500.29 

.  4415.07 

6329.84 

7159.48 

8989.08 

1.738 

2587.63 

3046.42 

3503.22 

4418.78 

5334.37 

7165.57 

8996.76 

1.739 

2589.78 

3M7.96 

3506.15 

4422.49 

5338.90 

7171.66 

9004.42 

1.740 

2591.92 

3050.50 

3609.09 

4426.20 

5343.43 

7177.76 

9012.10 

1.741 

2694.06 

3053.04 

3512.02 

4429.93 

5347.94 

7183.86 

9019.78 

1.742 

2696.20 

3066.58 

3514.95 

4433.67 

5362.46 

7189.96 

9027.46 

1.743 

2698.34 

3068.12 

a517.88 

4437.41 

5356.97 

7196.06 

9036.14 

1.744 

2600.49 

3060.66 

3520.82 

4441.16 

5361.49 

7202.16 

9042.82 

1.745 

2602.61 

3063.20 

3523.76 

4444.89 

6366.01 

7208.26 

9060.61 

1.746 

2604.78 

3066.74 

3526.70 

4448.62 

5370.53 

7214.36 

9058.20 

1.747 

2606.92 

3068.28 

3529.64 

4462.36 

5376.06 

7220.47 

9065.89 

1.748 

2609.OT 

3070.82 

3532.98 

4466.08 

6379.57 

7226.58 

9073.68 

1.749 

2611.22 

3073.36 

3535.52 

4459.81 

5384.10 

7232.69 

9081.28 

1.750 

2613.37 

3076.91 

3538.46 

4463.55 

5388.63 

7238.80 

9088.98 

1.761 

2616.51 

3078.46 

3641.40 

4467.28 

5393.76 

7244.91 

9096.68 

1.752 

2617.66 

oOoU.iw 

3544.34 

4471.01 

5397.69 

7261.02 

9104.38 

1.753 

2619.81 

3083.54 

3547.28 

4474.74 

6402.22 

7257.14 

9112.08 

1.754 

2621.99 

3086.09 

3550.22 

4478.47 

5406.75 

7263.26 

9119.79 

1.755, 

2624.11 

3088.64 

3563.17 

4482.22 

6411.28 

7269.38 

9127.60 

1.756 

2626.26 

3091.18 

3556.11 

4485.96 

5415.81 

7276.51 

9136.21 

1.757; 

2628.41 

3093.73 

3559.05 

4489.70 

6420.34 

7281.64 

9142.92 

1.758 

2630.56 

3096.28 

3562.00 

4493.44 

6424.87 

7287.77 

9150.63 

1.759 

2632.71 

3098.83 

3564.95 

4497.18 

6429.41 

7293.90 

9158.38 

1.760 

2634.87 

3101.38 

^567.90 

4500.92 

5433.95 

7300.01 

9166.06 

1.761; 

2637.01 

3103.93 

3570.84 

4604.66 

5438.39 

7306.14 

9173.78 

1.762i 

2639.16 

3106.48 

3573.79 

4508.40 

5442.93 

7312.27 

9181.60 

1.763] 

2641.31 

3109.08 

3576.74 

4512.15 

6447.47 

7318.40 

9189.22 

1.764 

2643.47 

3111.58 

3679.69 

4515.90 

6452.01 

7324.63 

9196.66 

1.765' 

2646.64 

3114.14 

3582.64 

4519.65 

6456.66 

7330.67 

9204.68 

1.766 

2647.79 

3116.69 

3586.69 

4523.40 

6461.20 

7386.81 

9212.41 

1.767 

2649.94 

3119.24 

3588.54 

4527.16 

5465.76 

7342.96 

9220.14 

1.768 

2662.10 

3121.79 

3591.49 

4530.90 

5470.31 

7349.05 

9227.87 

1.769 

2664.26 

3124.35 

3594.44 

4534.65 

5474.86 

7365.19 

9235.61 

1.770 

2656.42 

3126.91 

3697.41 

4638.40 

5479.39 

7361  .;i7 

9243.36 

1.771 

2658.67 

3129.46 

3600.36 

4542.15' 

04cyT.»7T 

7367.51 

9251.09 

1.772 

2660.73 

3132.02 

3603.31 

4645.90; 

5489.49 

7373.66 

9258.83 

414 


Depth 

on 
W«!r. 

LENGTH  OF  THE  WBIK. 

Feet. 

6  Feet 

TFeet. 

8  Feet 

10  Feet. 

12  Feet 

16  Feet.  - 

SO  Feet 

1.773 

2662.89 

3134.68 

3606.27 

4649.65 

5494.04 

7379.81 

92&un 

1.774 

2665.06 

3137.14 

3609.23 

4663.41 

5498.09 

7386.96 

9XT4Ja2 

1.776 

2667.21 

3139.70 

3612.19 

4567.17 

0602.15 

7392.11 

«2g2.a7 

1.776 

2660.37 

3142.26 

3616.16 

4560.93 

0506.70 

7396.26 

9280.l«2 

1.V77 

2671.43 

3144.82 

3618.11 

4564.69 

5511.26 

7404.42 

92970^ 

i.n8 

2673.59 

3147.38 

3621.07 

4668.46 

5516.82 

7410.68 

9905.33 

1.779 

2676.75 

3149.94 

3624.03 

4572.21 

5520.38 

7416.74 

9313.00 

1.780 

2678.01 

3162.60 

3626.99 

4575.97 

5624.94 

7422.90 

9320.86 

1.781 

2680.17 

3156.06 

3629.95 

4579.73 

5629.50 

7429.06 

9328.61 

1.782 

2682.33 

3167.62 

3632.91 

4683.49 

5534.06 

7430.22 

9336.37 

1.783 

2684.49 

3160.18 

3635.87 

4687.26 

6538.62 

7441.38 

9344.13 

1.784 

2686.66 

3162.76 

3638.83 

4591.01 

5543.19 

7447.04 

9361.9M 

1.786 

2688.83 

3165.32 

3641.80 

4694.78 

5547.76 

7463.71 

9309.67 

1.786 

2690.99 

3167.88 

3644.76 

4598.64 

5652.33 

7469.88 

9367.44 

1.787 

2693.16 

3170.44 

3647.73 

4602.31 

5566.90 

7466.05 

9375.21 

1.788 

2695.31 

3173.01 

3660.70 

4606.08 

5561.47 

7472.22 

9382.09* 

1.789 

2697.47 

3175.68 

3663.67 

4609.86 

5666.04 

7478.40 

9300.77 

1.790 

2699.64 

3178.15 

3656.64 

4613.62 

6570.61 

7484.58 

9306^ 

1.791 

2701.81 

3180.71 

3669.61 

4617.39 

5575.18 

7490.76 

9406.33 

1.792 

2703.98 

3183.28 

3662.68 

4621.16 

5579.76 

7496.94 

9414.11 

1.793 

2706.15 

3186.85 

3665.56 

4624.93 

6684.32 

7403.12 

9«21.89 

1.794 

2708.32 

3188.42 

3668.52 

4628.71 

6588.90 

7409.30 

9429.68 

1.795 

2710.49 

3190.99 

3671.49 

4632.49 

5593.48 

7515.48 

0437.47 

1.796 

2712.66 

3193.66 

3674.46 

4636.26 

6698.06 

7621.66 

9440.26 

1.797 

2714.83 

3196.13 

3677.43 

4640.03 

5602.64 

7627.85 

9463.05 

1.798 

2717.00 

3198.70 

3680.40 

4643.81 

5607.22 

7534.04 

9460.86 

1.799 

2719.17 

3201.27 

3683.38 

4647.69 

5611.80 

7640.23 

9468.(» 

1.800 

2721.34 

3203.86 

3686.36 

4661.37 

5616.39 

7546.42 

9476.45 

1.801 

2723.51 

3206.42 

3689.33 

4665.15 

5620.97 

7552.61 

1.802 

2725.68 

3208.99 

3692.30 

4668.93 

6625.60 

7558.80 

9492.07 

1.803 

2727.85 

3211.57 

3695  J28 

4662.61 

5630.14 

7565.00 

9499.89 

1.804 

2730.02 

3214.15 

3698.26 

4666.79 

5634.73 

7571.20 

00W7.71 

1.805 

2732,20 

3216.73 

3701.24 

4670.28 

5639.32 

7577.40 

0515.48 

1.806 

2731.37 

3219.30 

3704.22 

4674.06 

6643.91 

7683.60 

8023.29 

1.807 

2736.54 

3221.87 

3707.20 

4677.85 

56484» 

7589.86 

00.31.10 

1.808 

2738.72 

3224.45 

3710.18 

4681.64 

0653.09 

7596.00 

0038.92 

1.809 

2740.90 

3228.03 

3713.16 

4686.43 

5657.69 

7602.21 

9546.74 

1.810 

2743.08 

3229.61 

3716.16 

4689.22 

5662.29 

7608.42 

9504.66 

1.811 

2745.25 

3232.19 

3718.13 

4693.01 

6666.88 

7614.63 

9562.38 

1.812 

27i7.43 

3234.77 

3721.11 

4696.80 

5671.47 

7620.87 

9670.20 

1.813 

2749.61 

3237.35 

3724.09 

4700.69 

5676.07 

7627.07 

9678.03 

1.814 

2751.79 

3239.93 

3727.08 

4704.38 

5680.67 

7633.27 

9586.86 

1.815 

2753.97 

3242.62 

3731.07 

4708.17 

5685.27 

7639.48 

9503.69 

1.816 

2756.15 

3246.10 

3734.06 

4711.96 

5689.87 

7645.70 

9e01J52 

1.817 

2758.33 

3247.68 

3737.04 

4716.75 

5694.47 

7601.92 

9609.46 

1.818 

2760.51 

3260.26 

3740.03 

4719.56 

6690.07 

7608.14 

9617.38 

1.819 

2762.69 

32S3.84 

3743.02 

4723.35 

5703.68 

7664.36 

9626JB 

1.820' 

2764.87 

3266.43 

3746.01 

4727.15 

5706.29 

7670.08 

9632^ 

1.821 

2767.05 

3268.01 

3749.00 

4730.95 

5712.90 

7676.81 

0640.71 

1.822 

2769.23 

3260.60 

3751.99 

4734.75 

5717.51 

7683.00 

9648JB 

1.823; 

2771.41 

3263.19 

3764.98 

4738.56 

5722.12 

7689.29 

9666.40 

1.824 

2773.59 

3265.78 

3757.97 

4742.35 

5726.73 

7600.03 

9664*26 

1.825 

2775.78 

3268.37 

3760.96 

4746.16 

5731.34 

7701.72 

967240 

1.826 

2'/77.96 

3270.95 

3763.95 

4749.85 

6735.95 

7707.95 

9679.06 

1.827 

2779.14 

3273.54 

3766.94 

4753.65 

5740.66 

7704.18 

9687.80 

1.828 

2781.32 

3276.13 

3769.93 

4757.45 

5746.18 

7720,42 

9696.M 

1.829 

2788.50 

3278.72 

3773.93 

4761.26 

5749.80 

7726.66 

1.830 

2786.69 

3281.31 

3775.93 

4766.17 

5754.42 

7732.90 

971i!m 

415 


I>«pth 

on 
"Wolr. 

LENGTH  OF  THE  WEIB. 

Feet. 

6  Feet 

7  Feet. 

8  Feet 

10  Feet 

IS  Feet 

16  Feet 

20  Feet. 

1.831 

2788.87 

3283.80 

3778.92 

4768.98 

6760.04 

7739.14 

9719.24 

1.832 

2791.05 

3286.39 

3781.92 

4772.80 

6763.66 

7746.38 

9727.10 

1.833 

2793.24 

3288.98 

3784.92 

4776.62 

6768.28 

7761.62 

9734.97 

1.834 

2795.43 

3291.67 

3787.92 

4780.44 

6772.90 

V757.86 

9742.84 

1.835 

2797.62 

3294.27 

3790.92 

4784.22 

6777.62 

7764.11 

9760.71 

1.836 

2799.81 

3296.86 

3793.92 

4788.03 

5782.14 

7770.36 

9768.58 

1.837 

2802.00 

3299.46 

3796.92 

4791.84 

5786.76 

7776.61 

9766.46 

1.838 

2804.19 

3302.06 

3799.92 

4796.65 

6791.39 

7782.86 

9774.33 

1.839 

2806.38 

3304.66 

'      3702.92 

4799.47 

6796.02 

7789.11 

9782.21 

1.840 

2808.57 

3307.26 

3805.93 

4803.29 

6800.66 

7795.37 

9790.09 

1.841 

2810.76 

3310.84 

3808.93 

4807.10 

6806.28 

7801.63 

9797.97 

1.842 

2812.95 

3313.44 

3811.93 

4810.92 

5809.91 

7807.89 

9806.86 

1.843 

2815.04 

3316.04 

3814.93 

4814.74 

5814.54 

7814.16 

9813.76 

1.844 

2817.23 

3318.64 

3817.94 

4818.56 

5819.17 

7820.41 

9821.64 

1.845 

2819.52 

3320.24 

3820.95 

4822.38 

5823.81 

7826.67 

9829.63 

1.846 

2821.71 

3322.84 

3823.96 

4826.20 

6828.44 

7832.93 

9837.41 

1.847 

2823.90 

3325.44 

3826.96 

4830.02 

6833.07 

7839.19 

9846.30 

I'sOvO 

2825.09 

3328.04 

3829.97 

4833.84 

6837.71 

7845.46 

9853.19 

1.849 

2827.29 

3330.64 

3832.98 

4837.66 

6842.36 

7851.73 

9861.09 

1.860 

2830.49 

3333.24 

3835.99 

4841.49 

6846.99 

7858.00 

9869.00 

1.861 

2832.68 

3335.84 

3838.00 

4845.31 

6861.63 

7864.27 

9876.90 

1.852 

2834.87 

3338.44 

3841.01 

4849.14 

6866.27 

7870.54 

vOOT.ol 

1.863 

2837.09 

3341.04 

3844.02 

4852.97 

6860.91 

7876.81 

9892.72 

1.854 

2839.29 

3343.66 

3847.03 

4856.80 

5866.66 

7883.09 

9900.63 

1.855 

2841.47 

3346.26 

3851.05 

4860.63 

6870.21 

7889.37 

9908.54 

1.866 

2843.66 

3348.86 

3854.06 

4864.46 

5874.85 

7896.66 

9916.46 

1.857 

2845.85 

3361.46 

3867.07 

4868.29 

5879.50 

7901.93 

9924.36 

1.858 

2848.05 

3364.01 

3860.08 

4872.12 

£884.15 

7908.21 

9932.28 

1.859 

2850.25 

3356.68 

3863.10 

4875.95 

r888.80 

7914.49 

9940.20 

1.860 

2852.45 

3359.29 

3866.12 

4879.79 

5893.45 

7920.78 

9948.12 

1.861 

2854.66 

3361.90 

3869.13 

4883.62 

5897.10 

7927.07 

9966.04 

1.862 

2856.85 

3364.51 

3872.15 

4887.46 

6901.76 

7933.36 

9963.97 

1.863 

2869.05 

3367.12 

3875.17 

4891.30 

6906.41 

7939.66 

9971.90 

1.864 

2861.25 

3369.73 

3878.19 

4896.14 

6911.07 

7946.94 

9979.83 

1.865 

2863.46 

3372.34 

3881.21 

4898.97 

6916.73 

7962.24 

9987.76 

1.866 

2865.66 

3374.95 

3884.23 

4902.81 

6921.38 

7968.53 

9996.68 

1.867 

2867.86 

3377.56 

3887.26 

4906.65 

6926.04 

7964.83 

10003.61 

1.868 

2870.06 

3380.17 

3890.27 

4910.49 

5930.70 

7971.13 

10011.64 

1.869 

2872.26 

3382.78 

3893.30 

4914.33 

6936.36 

7977.43 

10019.47 

1.870 

2874.47 

3385.39 

3896.32 

4918.17 

5940.02 

7983.73 

10027.43 

1^1 

2876.67 

3388.00 

3899.34 

4922.01 

6944.68 

7990.03 

10035.37 

1.872 

2878.87 

3390.61 

3902.36 

4926.86 

5949.34 

7996.33 

10043.31 

1.873 

2881.08 

3393.23 

3905.38 

4929.70 

5964.01 

8002.64 

10061.26 

1.874 

2883.28 

3396.86 

3908.41 

4933.66 

6968.68 

8008.96 

10069.21 

1.875 

2885.49 

3398.47 

3911.44 

4937.40 

6963.35 

8015.26 

10067.16 

1.876 

2887.69 

3301.08 

3914.47 

4941.24 

6968.02 

8021.67 

10076.11 

1.877 

2889.89 

3303.69 

3917.50 

4945.09 

6972.69 

8027.88 

10082.06 

1.878 

2892.10 

3306.31 

.    3920.53 

4948.94 

6977.36 

8034.19 

10090.02 

1.879 

2894.31 

3308.93 

3923.56 

4952.79 

6982.03 

8040.60 

10097.98 

1.880 

2896.62 

3411.55 

3926.59 

4956.64 

6986.70 

8046.82 

10106.94 

1.881 

2898.73 

3414.17 

3929.62 

4960.49 

5991.37 

8063.14 

10114.90 

1.882 

2900.91 

3416.79 

3932.66 

4964.34 

6996.05 

8069.46 

10122.86 

1.883 

2903.15 

3419.41 

3935.68 

4968.19 

6000.73 

8066.78 

10130.83 

1.884 

2905.36 

3422.03 

3938.72 

4972.06 

6006.41 

8072.00 

10138.80 

1.885 

2907.57 

3424.66 

3941.75 

4975.91 

6010.09 

8078.43 

10146.77 

1.886 

2909.78 

3427.68 

3944.78 

4979.77 

6014.77 

8084.76 

10164.74 

1.887 

2911.99 

3430.30 

3947.81 

4983.63 

6018.46 

8091.08 

10162.71 

1.888 

2914.20 

3432.92 

3960.84 

4987.49 

6023.13 

8097.41 

10170.69 

4i6 


Depth 

en 
Weir. 

LENGTH 

OF  THE  WEIR. 

Feet. 

6  Feet 

7  Feet 

8  Feet. 

10  Feet 

13  Feet 

16  Feet 

aOFMt 

1.889 

2916.41 

»435.M 

3953.88 

4991.36 

6028.81 

8103.74 

10178.67 

1.890 

2918.63 

3437.77 

3956.92 

4996.21 

6033JW 

8110.07 

10186.66 

1.891 

2920.84 

3440.39 

3959.95 

4999.07 

6038.18 

8117.10 

10194.63 

1.892 

2923.05 

3443.01 

3962.99 

6002.93 

6042.86 

8123.44 

10202.61 

1.883 

2925.27 

3445.64 

3966.03 

6006.79 

6047.55 

8129.78 

10210.60 

1.894 

2927.49 

3448.27 

3969.07 

6010.66 

6062.24 

8136.12 

10218.56 

1.895 

2929.70 

3450.90 

3972.11 

6014.62 

6066.93 

8141.76 

1Q226US8 

1.896 

2931.91 

3453.53 

3975.15 

6018.38 

6061^ 

8148.10 

10234J^ 

1.897 

29.34.12 

3456.16 

3978.19 

6022.25 

exmjssi 

8154.44 

10242J» 

1.038 

2936.34 

3458.79 

3981.23 

5026.12 

6071.00 

8160.78 

10250.66 

1.899 

2938.56 

3461.42 

3984.27 

6029.99 

6076.70 

8167.13 

10268.66 

1.900 

2940.78 

3464.05 

3987.32 

5033.86 

.  6080.40 

8173.48 

10266.66 

1.901 

2942.99 

3466.68 

3990.36 

5037.73 

6085.09 

8180.83 

10274JS6 

1.902 

2945.21 

3469.31 

3993.40 

5041.60 

6089.79 

8187.18 

10282.66 

1.903 

2947.43 

3471.94 

3996.44 

6045.47 

6094.49 

8193J» 

10290US7 

1.901 

2949.65 

3474.57 

3999.49 

6049.34 

6099.91 

8199.88 

lQ29ej» 

1.905 

2951.87 

3477.21 

4002.54 

6053.22 

6103.89 

8205.24 

10306JS0 

1.906 

2954.09 

3479.84 

4005.58 

6057.09 

6108  J» 

8211.60 

10314.60 

1.907 

2956.31 

3482.47 

4008.63 

5060.96 

6113.29 

8217.96 

10322.61 

1.908 

2958.53 

3485.10 

4011.68 

5064.84 

6118.06 

8224.32 

10390.62 

1.909 

2960.75 

3487.74 

4014.73 

5068.72 

6122.77 

8230.68 

10336.64 

1.910 

2962.97 

3490.38 

4017.78 

6072.60 

6127.41 

8237.04 

10346.66 

1.911 

2965.19 

3493.01 

4020.83 

6076.48 

6132.12 

8243.40 

10354.68 

1.912 

2967.41 

3495.64 

4023.88 

6080.36 

6136.83 

8249.76 

10362.70 

1.913 

2969.63 

3498.28 

4026.93 

6084.26 

6141.64 

8256.13 

10370.73 

1.914 

2971.89 

3500.92 

4029.98 

6088.14 

6146.26 

8262.60 

10378.76 

1.915 

2974.08 

3503.56 

4033.04 

6092.00 

6160.96 

8268.87 

10386.79 

1.916 

2976.30 

3506.20 

4036.09 

6095.88 

6166.67 

8275.24 

10384.82 

1.917 

2978.52 

«$0(lo.o4 

4039.14 

5099.76 

6160.38 

8281.61 

10402.85 

1.918 

2980.74 

3511.48 

4042.19 

6103.64 

6166.09 

8287.90 

10410.88 

1.919 

2982.97 

3514.12 

4045.25 

6107.53 

6169.81 

8294.37 

10418.92 

1.920 

2985.20 

3516.76 

4048.31 

5111.42 

6174J» 

8300.76 

10426.96 

1.921 

2987.42 

3518.80 

4051.36 

5115.31 

6179.26 

8307.13 

10436.00 

1.922 

2989.65 

3521.44 

4054.42 

5119.20 

6183.97 

83134»1 

10443.04 

1.923 

2991.88 

3524.08 

4057.48 

5123.09 

6188.69 

8319.89 

10461.06 

1924 

2994.11 

3526.72 

4060.54 

5126.98 

6193.41 

8326.27 

10466.13 

1.925 

2996.34 

3529.97 

4063.60 

5130.87 

6198.13 

8332.66 

10467^8 

1.026 

2998.57 

3532.61 

4066,66 

5134.76 

6202.86 

8339.06 

10476^ 

1.927 

3000.80 

3535.25 

4069.72 

5138.65 

6207.67 

8346.44 

10483.28 

1.928' 

3303.03 

3637.90 

4072.78 

6142.54 

6212.30 

8361.83 

10481.34 

1.929 

3005.26 

3540  JS5 

4075.84 

.5146.44 

6217.03 

8368.22 

10489.40 

1.930: 

3007.49 

3543.20 

4078.91 

5150.34 

6221.76 

8364.61 

10607.46 

1.931 

3009.72 

3545.84 

4081.97 

5154.23 

6226.49 

8371.00 

10516.62 

1.932 

3011.95 

3548.49 

4085.03 

6158.13 

6231.22 

8377.40 

10623.68 

1.933 

3014.18 

3551.14 

4088.09 

5162.03 

6236.96 

8383.80 

10631.64 

1.9341 

3016.41 

3553.79 

4091.16 

6166.93 

6240.68 

8390.20 

10538.n 

1.935  i 

3018.64 

3556.44 

4094.23 

6169.83 

6245.42 
6250.16 

83964W 

10M7.78 

1.936 

3020.87 

3559.09 

4097.29 

5173.73 

8403.00 

106S6.85 

1.937 

3023.10 

3561.74 

4100.36 

5177.63 

6264.88 

840040 

10663.82 

1.938 

3025.33 

3564.39 

4103.43 

5181.53 

6259.62 

8416.00 

10B71.98 

1.939 

3027.57 

3567.04 

4036.50 

6185.43 

6264.36 

8422.21 

10680.07 

1.940 

3029.81 

3569.69 

4109.57 

5189.34 

6269.10 

8428.62 

10086.16 

1.941 

3032.04 

3572.34 

4112.64 

5193.24 

6273.84 

8435.03 

10686.23 

1.942 

3034.27 

3574.99 

4115.71 

6197.14 

62'/8.68 

8441.44 

10604.31 

1.943 

3036.51 

3577.64 

4118.78 

5101.05 

6283.32 

8447.85 

10612.38 

1.944 

3038.75 

3580.30 

4121.85 

5104.96 

6288.06 

8454.27 

10620.47 

1.915 

3040.99 

3582.96 

4124.93 

5208.87 

6292.81 

8460.69 

10628016 

1.946 

3043.22 

3585.61 

4128.00 

5212.78 

6297.65 

8467.11 

10636.66 

.M7  3097.86  3«14J« 
.SOS  3OT0.10  3817J12 
.BBS       3072.34       3620.18 
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4i8 
TABLES 

FOU  FACILITATING  THE  COMPUTATION  OF  THE  QUANTITY  OF 

WATER  FLOWING  OVEK  WEIBS. 

Tabls  I. 

To  attain  the  greatest  exactnew,  it  is  necessary  to  take  account  of  the  veloc- 
ity of  tiie  water  approaching  the  weir.  The  method  adopted  at  Lowell  for 
this  purpose  is  to  make  a  correction  for  it  in  the  obserTea  depth  on  the  weir, 
by  tb6  formula  _         ,    „ 

in  which 

if » the  obserred  depth  on  the  weir. 

A  =  the  head  due  the  mean  velocity  approaching  the  weir. 

H'^  the  corrected  depth  on  the  weir. 

By  developing  into  series  and  omitting  the  terms  containing  iwwers  of   w 

above  the  first,  A  being  always  very  small,  relatively  to  iT,  this  formula  may, 
without  sensible  error,  be  put  under  the  simpler  form, 


B'^ff+h-i^f 


The  mean  velocity  of  the  water  approaching  the  weir  is  usually  found,  with 
sufficient  exactness,  by  computing  ule  discharge,  approximately,  from  the  ob- 
served depth  on  the  weir,  and  dividing  it  by  the  section  of  the  channel  ap- 
proaching the  weir,  the  quotient  being  the  velocity;  the  head  due  this  velocity, 
or  h,  is  found  by  Table  I.,  which  is  computed  by  the  formula, 

h , 

In  which 

V—  the  mean  velocity. 

ff  =  the  velocity  acquired  by  a  body  at  the  end  of  the  first  sec- 
ond of  its  fall,  in  a  vacuum;  its  value,  for  Lowell,  being 
82.1618. 

Table  II. 
This  is  computed  by  the  formula 

©=3.33(Z-0.ln  ff)  ^* 

in  which 

Q  =  the  quantity  of  water  discharged,  in  cubic  feet  per  second. 

L  8=  the  length  of  the  weir  in  feet. 

J?=  the  depth  on  the  weir  in  feet,  being  the  height  of  the  surface 
of  the  water  above  the  top  of  the  weir,  taken  fiur  enough 
from  the  weir  to  be  unaffected  by  the  curvature  caused  by 
the  discharge,  and  corrected,  if  necessary,  for  tiie  velocity  of 
the  water  approaching  the  weir. 

n  B  the  number  of  end  contractions. 

In  computing  the  table,  L  is  taken  equal  to  1,  and  n  equal  to  0. 

The  actual  length  of  the  weir  being  known,  it  is  to  be  corrected  for  the  end 
contractions,  if  any,  by  deducting  from  it  one-tentb  of  the  depth  on  the  weir 
for  each  end  contraction.  If  the  length  of  the  weir  is  the  same  as  the  widHi 
of  Uie  canal  anproaching  it,  there  is  no  end  contraction,  and  of  course  nothing 
to  be  deductea  from  the  length  of  the  weir.  The  discharge,  as  given  by  the 
table,  multiplied  by  the  lenf^h  of  the  weir,  corrected,  if  necessary,  as  above, 
gives  the  quantity 'of  water  discharged  by  the  weir. 
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DI8CK4ROX.Iir  CUBIC  FBET  FSB  SECOND.  OF  AWMJR  ONE  FOOT  JX>SQ,  WITH- 
OUT COMTBACTION  AT  THE  ENDS ;  FOR  DEPTHS  FBOM  0  TO  0.499  FEET. 


Deptk. 

0  i  1 

1 

8 

3           4 

5 

6 

7 
0.0020 

8 

9 

0.00 

1 

0.0000 1  0.0001 

0.0003 

0.0005    0.0008 

0.0012 

0.0015 

0.0024 

0.0028 

.01 

0.0083,  0.0038 

0.0014 

0.0049    0.0055 

U.UU61 

0.0067 

0.0074 

0.0080 

0.0087 

.02 

O.OOM   0.0101 

0.(»109 

0.0116    0.0124 

0.0132 

0.0140 

0.0148 

0.0156 

0.0164 

.03 

0.0173   0.0182 

0.0191 

0.0200    0.02(>9 

U.0218 

0.0227 

0.0237 

0.0247 

0.0266 

.04 

0.0266 

0.0276 

0.0287 

0.0297,  0.0307 

0.0.>1» 

0.0329 

0.0339 

0.0850 

0.0361 

^ 

0.0672 

0.0384 

0(;j95 

0.0406   0.0418 

0.04b0 

0.0441 

0.0453 

0.0465 

0.0477 

.06 

0.0489 

0.0&2 

0.0614 

0.0^27  >  0.0539 

0.0552 

0.0665 

0.0578 

0.0590 

0.0604 

.07 

0.0617 

U.0630 

0  0643 

0.06571  0.0670 

0.0684 

0.0698 

0.0712 

0.0725 

0.0739 

.08 

0.0758 

0.O768 

0<.7M 

0.0796:  0.0611 

0.0825 

0.0840 

0.0856 

0.086S 

0.0884 

.09 

0.0690 

0.0914 

U.U9^^ 

0.0944    0.0960 

1 

0.0975 

0.0990 

0.1006 

0.1022 

0.1087 

0.10 

0.1053 

0.1069 

0.1085 

0.1101    0.1117 

0.1138 

0.1149 

0.1166 

0.1182 

0.1196 

.11 

0.1215 

0.1231 

0.1248 

0.1265    0.1282 

0.1299 

0.1316 

0.1383 

0.1.860 

0.1967 

.12 

0J1IB4 

0.1402 

0.1419 

0.1436    0.1454 

0.1472 

0.1489 

0.1507 

0.1526 

0.154S 

.23 

o.i«<n 

0.1579 

0.1597 

0.1615    01638 

0.1652 

0.1670 

0.1689 

0.1707 

0.1726 

.14 

0.1744 

Q.inSi 

0.17b2 

0.1801    0.1820 

0.1889 

0.1868 

,  0.1877 

0.1896 

0.1915 

.16 

0.1986 

0.1954 

0.1V73 

0.1993    0.2012 

0.2l'32 

0.2(52 

0.2072 

0.2091 

0.2111 

.16 

0.2181 

0.2161 

0.2171 

0.2191 1  0.2212 

0.223V! 

0.2252 

0.2273 

0.2293 

0.2814 

.17 

0.2834 

0.2355 

0.2375 

0.2896    0.2417 

0.2438 

0.V459 

0.2480 

0.2601 

0.2522 

.18 

0.2643 

0.2664 

(.2686 

0.2607    0.2628 

0.2650 

0.2671 

0.2698 

0.2714 

0.2736 

.19 

0.2758 

0.2780 

0.2802 

0.2823.  0.2845 

0.2867 

0.2890 

0.2912 

0.2934 

0.2956 

0.20 

0.2978 

0.3001 

o.ao?3 

0.8046    0.3068 

0.8091 

0.8118 

0.3136 

0.3159 

0.8182 

.21 

0.8205 

0.3228 

0  3250 

0.32741  0.3297 

0.8820 

0.8848 

0.8366 

0.3889 

0  3413 

.22 

0.2486 

03460 

0.3483 

0.3607 1  0.3630 

0.8654 

03578 

0.8601 

0.3625 

03649 

.28 

0.3673 

0.8697 

0  3721 

0.3745    0.8769 

0.3794 

0.3818 

0.3842 

0.3866 

0.3891 

.24 

0.3915 

0.3940 

0.3964 

0.3989    0.4014 

0.4088 

0  4(;63 

0.4088 

0.4118 

0  4138 

.26 

0.4162 

0.4187 

0.4218 

0.4288;  0.4268 

0.4288 

('.4313 

0.4339 

0.4964 

0.4389 

.26 

0.4415 

0.4440 

1.4466 

0.4491!  0.4617 

0.4548 

0.4668 

0.4594 

0.4620 

0.4646 

.«7 

0.4672 

0.4698 

0.4724 

0.4750,  0.4776 

0.4802 

0.4828 

0.4865 

0.4881 

0.4907 

.28 

0.4984 

0.4960 

0  498T 

0.5018    0  6040 

0.6067 

0.6093 

0.6120 

0  5147 

0.5174 

.29 

0.5200 

0.5:^27 

0.5264, 

0.6281   0.5308 

0.5386 

0.6363 

0.5390 

0.5417 

0.5444 

0.30 

0.6472 

0.5499 

0.5627 

0.5664 i  0  6682 

0.5609 

0.5637 

0.5664 

0.5692 

0  5720 

.31 

0.5748 

0.6775 

0.6803 

0fi881    0.5869 

0.6887 

0.(916 

0.5943 

0.5972 

06000 

.3/ 

0.6028 

0.6066 

0.6065 

0.6118   0.6141 

0.6170 

0.6198 

0.(.227 

0.6255 

0.6284 

.88 

0.6813 

OxiAl 

0.6370 

0.6399   0.6428 

0.6457 

0.64J'6 

0.6515 

0.6544 

0.6573 

.84 

0.6602 

0.6631 

0.6660 

0.6689    0.6719 

0.6748 

0.6777 

0.6807 

0.6836 

0.6866 

.35 

0.6895 

06925 

0.6964 

0  6984    0.7014 

0.7(43 

0.7073 

0.7103 

0.7183 

0.7163 

.36 

07198 

0.7228 

0.7V68 

0.7^88   0.1313 

0.734:^ 

0.7873 

0.7404 

0.7434 

0.7464 

.37 

0.7496 

0.7525 

0.7656 

0.758H   0.7616 

0  7647 

0.7678 

0.7708 

0.7789 

0.7770 

.38 

0.7800 

0.7831 

0.7862 

0.7893   <'.79i4 

O.'.OSS 

07986 

0.8017 

0.8048 

0.8079 

.89 

0.8110 

0.8142 

0.8178 

0.8204   0.8285 

0  8267 

0.8298 

0.8380 

0.8361 

0.8393 

0.40 

0.8424 

0.8466 

0.84P8 

0.8619    0.8551 

0.8688 

0.8615 

0.8646 

0.^678 

0.8710 

.41 

0.8742 

0  8774 

0  88<6 

0  8888    0.8870 

0.8903 

0.8935 

4>.8967 

0.8990 

09082 

.42 

0.9064 

0.«'96 

0  9129 

0.9161    0.9194 

0.9i26 

0  9259 

09292 

0  9324 

0.9367 

.43 

9.9390 

0.9422 

0.9456 

••.9488    0  9521 

0.P6fi4 

0.P.'587 

0.9*520 

0.9653 

0.9686 

.44 

0.9719 

0.9762 

0.9786 

0.9819    0.9852 

0.9885 

0.9919 

0.9952 

09985 

1.0019 

.45 

1.0052 

1.0086 

1.0119 

1.0153    1.0187 

1.0220 

1.0254 

1.0288 

1.0321 

1.0365 

.46 

1.0389 

1.0428 

l.f467 

1.0491    1.0625 

1.0559 

1.0593 

1.0627 

1.0661 

1.0696 

.47 

1.0730 

1.0764 

1.0708 

1.0833    1.0867 

1.09  1 

1.0986 

1.0970 

1.1005 

1.10-9 

.48 

1.1074 

1.1109 

1.1143 

1.1178    1.1213 

1.1248 

1.1282 

1.1817 

1.1352 

1.1387 

.49 

1.1422 

1.1467    1.1492 

1.1527    1.1562 

1.1597 

1.1632 

1.1668 

1.1703 

1.1738 
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M8CHARGE,  IN  CUBIC  F££T  FCR  SECOND,  OF  A  WStB  ONE  FOOT  LOMO.  WTTB- 
OUT  CONTBAOTION  AT  THE  ENDS;  FOB  DEPTHS  FROM  0.M0  TO  a9M  FJBET. 


Depth. 

0 

1 

2 

3 

4 

6 

6 

7 

8 

9 

0.60 

1.1778 

1.1809 

1.1844 

1.1879 

1.1915 

1.1950 

1.1966 

1.2021 

1.2057 

1.2093 

.51 

1.2128 

1.2164 

1.2200 

1.2236 

1.2271 

1.2807 

1.2343 

1.2879 

1.2415 

1.2451 

.62 

1.2487 

1.2623 

1.2669 

1.2596 

1.2681 

1.2667 

1.2703 

1.2740 

1.2776 

1.2812 

.58 

1.2849   1.2886 

1.2921 

1.2968!  1.2994 

1.8081 

1.8067 

1.3104 

1.3141 

1.8177 

.64 

1.3214   1.3261 

1.3^87 

1.3824    1.8861 

1.3898 

1.3486 

1.8472 

1.8609 

1.8646 

.55 

1.3583 

1.3620 

1.3657 

1.3694    1.3731 

1.8768 

1.8806 

1.3843 

1.8880 

1.8918 

.66 

1.3955 

1.3992 

1.4030 

1.4067    1.4106 

1.4142 

1.4180 

1.4217 

1.4266 

1.4283 

.67 

1.4330 

1.4368 

1.4406 

1.4444    1.4481 

1.4619 

1.4557 

1.4695 

1.4633 

1.4671 

.56 

1.4700 

1.4747 

1.4786 

1.4823    1.4862 

1.4900 

1.4938 

1.4976 

1.6014 

1.5063 

.59 

1.5091 

1.5130 

1.5168 

1.5206   1.5246 

1.5283 

1.6822 

1.5861 

1.6389 

1.6438 

0.60 

1.5476 

1.6615 

16554 

1.5598 

1J5681 

1.5670 

1.5709 

1.5748 

1.5787 

ijxan 

.61 

1.5865 

1.5904 

1.5943 

1.5982    1.6021 

1.6060 

1.6100 

1.6189 

1.6178 

1.6217 

.62 

1.6257 

l.bl^ 

1.6336 

1.6375    1.6414 

16454 

1.6493 

1.6688 

1.6572 

1.6612 

.63 

1.6652 

1.6691 

1.6731 

1.6771    1.6810 

1.6850 

1.6890 

1.6980 

1.6970 

1.7010 

.61 

1.7050 

1.7090 

1.7130 

1.7170    1.7210 

1.7250 

1.7290 

1.7380 

1.7370 

1.7410 

.65 

4.7451 

1.7491 

1.7531 

1.7572    1.7612 

1.7652 

1.7693 

1.7738 

1.7774 

1.7814 

.66 

1.7865 

1.7896 

1.7936 

1.7977|  1:8018 

1.8058 

1.8099 

1.8140 

1.8181 

1.8221 

.67 

1.8262 

1.8303 

1.8344 

1.8386!  1.8426 

1.8467 

1.8508 

1.8549 

1.8690 

1.8632 

.68 

1.8673 

1.8714 

1.8765 

1.8796   1.8888 

1.8879 

1.8920 

1.8962 

1.9008 

1.9046 

.69 

1.9086 

1.9128 

1.9169 

1.9211 

1.9252 

1.9294 

19336 

1.9877 

1.9419 

1.9461 

0  70 

1.9503 

1.9544 

1.9586 

1.9628 

1.9670 

1.9712 

1.9764 

1.9796 

1.9888 

1.0880 

.71 

1.9922 

1.9964 

2.0006 

2.0048    2.0091 

2.0133 

2.0175 

a.0217 

2.0260 

2.0302 

.72 

2.0314 

2.0387 

2.0429 

2.0472    2.0514 

2.0567 

2.0599 

2.(1642 

2.0684 

2.0727 

.73 

2.0770 

2.0812 

2.0865 

2.0898    2.0941 

2.0983 

2.10-26 

2.1069 

2.1112 

2.1156 

74 

2.1198 

2.1241 

2.1284 

2.1327    2.1370 

2.1418 

2.1466 

2.1499 

2.1543 

2.1586 

.75 

2.1629 

2.1672 

2.1716 

2.1759,  2.1802 

2.1846 

2.1889 

2.1932 

2.1976 

2.2019 

.76 

2.2063 

2.2107 

2.2150 

2.2194,  2.2237 

2.2281 

2.2325 

2.2369 

2.2412 

2.2466 

.77 

2.2500 

2.2614 

2.2588 

2.2632,  2.2675 

2.2719 

2  2763 

2iJ807 

2.2861 

2.2896 

.78 

2.2940 

2.2984 

5.3028 

2.3072,  2.3116 

2.3161 

2.3205 

2.:^9 

2.3293 

2.3888 

.79 

2.3382 

2.8427 

2.3471 

2.3515 

2.3660 

2.3604 

2.3649 

2.3694 

2.3788 

2.3788 

0.80 

2.3828 

2.3872 

2.3917 

2.3962 

2.4006 

2.4051 

2.4096 

2.4141 

2.4186 

3.4281 

.81 

2.4276 

2.4321 

2.4366 

2.4411    2.4456 

2.4.501 

2.4546 

2.4591 

2.4636 

2.4681 

.82 

2.4727 

2.4772 

2.4817 

2.4862   2.4908 

2.4953 

2.4999 

2.5044 

2.5069 

2JS136 

.83 

2.6180 

2.6226 

2.5271 

2.5817,  2.5363 

2.6408 

2.5454 

2.6&10 

2.6645 

2.6691 

.84 

2.6637 

2.6688 

2.5728 

2.6774    2.5820 

2.5866 

2.5912 

2.6958 

2.6004 

2.6000 

.86 

2.6096 

2.6142 

3.6188 

2.6234,  2.6280 

2.6327 

2.6373 

2.6419 

2.6465 

2.6611 

.86 

2.6668 

2.6601 

2.6650 

2.6697;  2.6743 

2  6790 

2.6836 

2.6888 

2.6929 

2.6976 

.87 

2.7022 

2.7069 

2.7116 

2.7162,  2.7209 

2.7256 

2.7303 

2.7349 

2.7396 

2.7448 

.88 

2.7490 

2.7536 

2.7^83 

2.76.30    2.7677 

2.7724 

2.7771 

2.7818 

2.7866 

2.7912 

.89 

2.7959 

2.8007 

2.8054 

2.8101    2  8148 

2.8196 

2.8243 

2.8290 

2.8337 

2.838& 

0.9n 

2.8432 

2.8479 

2.8527 

2.8674 

2.8622 

2.8669 

2.8717 

2.8764 

2.8812 

2.8860 

.91 

2.8907 

2.8956 

2.9003 

2.9050    2.9098 

2.9146 

2.9194 

2.9241 

2.9289 

2.9337 

.92 

2  9385 

2.9433 

2.9481 

2.9529,  2.9577 

2  9625 

2.9673 

2.9721 

2.9769 

2.9817 

.93 

2.9865 

29914 

2.9962 

3.00 10,  3.0058 

3.0107 

8.0155 

3  0203 

8.0262 

8.0800 

.94 

8.0348 

3.0397 

8.0445 

3.O494I  3  0.542 

8.0591 

8.0689 

8.0688 

3.0787 

8.0785 

.95 

3.0834 

3.0883 

3.0931 

8.0980,  3.1029 

3.1078 

3.1127 

3.1176 

8.1224 

8.1278 

.96 

3.1322 

3.1371 

3.1420 

8.1469    3.1518 

8.1567 

8.1616 

3.1665 

8.1714 

8.1764 

.97 

3.1813 

3.1862 

3.1911 

3.1960    3.2010 

8.2059 

3.2108 

3.2158 

8.2207 

8.2257 

.98 

3.2306 

8.2365 

3.2406 

8.2454   8.2601 

8.2564 

3.2603 

8.2658 

8.2702 

8.2762 

.99 

3.2802 

3.2851 

3.2901 

3.2951 

3.3001 

8.3051 

8.8100 

3.8160 

8.3200 

8.3260 
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0iniCH  ABOB.  IH  CUBIC  PEBT  FBB  BECOBD.  OF  A  WBIB  OBB  FOOl*  LONG,  tflTB. 
OUT  COKTRACTION  AT  THE  KND8  ;  FOR  DEPTHS  FROM  1.000  TO  1.480  FBBT. 


Dqith. 

0 

1 

t 

8 

4 

5 

0 

7 

8 

9 

1.00 

3.3800 

8.8360 

83400 

8.3450 

3.3600 

8.8550 

8.3600 

3.3650 

3.8700 

8.3751 

.01 

8.8801 

8.8861 

8.3901 

8.3961 

8.40U2 

3.4062 

3.4103 

34153 

3.4208 

8.4254 

.02 

8.4804 

34364 

84406 

8.4465 

3.4606 

8.4667 

3.4607 

3.4658 

8.4708 

8.4759 

.08 

8.4810 

8.4860 

8.4911 

8.4962 

3.5013 

3.5068 

3  5114 

3.5165 

3.5216 

3.5267 

M 

8.6318 

8J»69 

3..'i420 

3.5471 

8.5522 

3.5578 

8.5624 

3.5675 

3.5726 

3.5777 

M 

8.5828 

3.5880 

3.5931 

3.5982 

8.6083 

3.6065 

8.6186 

3.6187 

3.6289 

3.6290 

.06 

8.6842 

8.6883 

86444 

8.6496 

8.6547 

8.6599 

3.6651 

3.67U2 

8.6754 

8.680& 

.07 

8.6867 

3.6909 

8.6960 

3.7012 

8.7064 

3.7116 

8.7167 

8.7219 

8.7271 

8.7323 

.06 

3.7375 

3.7427 

3  7479 

3.7581 

8.7588 

3.7636 

3.7687 

3.7789 

3.7791 

8.7848 

.09 

8.7895 

3.7W7 

3.800O 

3.8062 

8.8104 

8.8156 

3.8209 

3.8261 

3.8813 

3.8365 

1.10 

8.8418 

3.8470 

3.8523 

3.8575 

3.8628 

8.8680 

8.8733 

8.8785 

38838 

3.8890 

.11 

3.8948 

8.8996 

3.9048 

B910I 

8.9164 

8.92U6 

8.9259 

3.9312 

3.9865 

8.9418 

.12 

8.9470 

8  9528 

8.9576 

3.9629 

3.9682 

3.9785 

3  9788 

3.9841 

39894 

3.9947 

13 

40000 

4.0063 

4.0106 

4.0160 

4.0213 

4.0266 

4.0819 

4  0372 

4.0426 

4.0479 

.14 

4.0532 

4.0686 

4.0639 

4.0692 

4  0746 

4.0799 

4.0858 

4.0906 

4.096O 

4.1013 

.15 

4.1067 

4.1120 

4.1174 

41228 

4.1281 

4.1385 

4.1889 

4.1442 

4.1496 

4.1550 

.16 

4.1604 

4.1657 

4.1711 

4.1765 

4.1819 

4.1878 

41927 

41981 

4  2035  4.2069 

.17 

4.2143 

4.2197 

4.2261 

4^2805 

4.2360 

4  2418 

4  2467 

4.2522 

4.2676  4.2680 

.18 

4.2684 

4.2738 

4.2793 

4.2847 

4.2901 

4.2966 

4.8010 

4.8065 

4.8119 

4.3173 

.19 

4.8228 

4  32H2 

4.3837 

43892 

4.8446 

4.8501 

4.8556 

43610 

4.8665 

4.3719 

1.90 

4.8774 

4.8829 

4.3888 

4.8938 

4.3998 

4.4048 

4.4108 

4.4158 

4.4212 

4.4267 

.21 

4.4322 

4.4877 

4.4432 

4.4487 

4.4542 

4.4597 

44652 

4.4707 

4.4763 

4.4818 

.22 

4.4873 

4.4928 

4.4983 

4.5038 

4.5094 

4.5149 

4.5204 

4.5260 

4.5315 

4.5870 

.28 

4.5426 

4.5481 

46587 

45692 

4.5647 

4.5703 

4.5759 

4  5814 

4.5870 

4.5925 

.24 

4.5961 

4.e(m 

4.6092 

4.6148 

4.6203 

4.6259 

4.6815 

46871 

46427 

4.6482 

.25 

4.6538 

4.6594 

4.6650 

4.6706 

4.6762 

4.6818 

4.6874 

4.6980 

4.6986 

4.7042 

.26 

4.7098 

4.7154 

4.7210 

4  7266 

4.7822 

4;7878 

4.7485 

4.7491 

4.7547 

4.7603 

.27 

4.7660 

4.7716 

4.7772 

47829 

4.7885 

4.7941 

4.7998 

4.8064 

4.8111 

4  8167 

.28 

4.8224 

4.82m 

48887 

4.8393 

48450 

4.8506 

4.8668 

4.8620 

4  8676 

4.8788 

.29 

4.8790 

4.8847 

4.8908 

4.8960 

4.9017 

4.9074 

4.9131 

4.9187 

4.9244 

4.9301 

1.30 

4.9858 

4.9415 

4.P472 

4.9529 

4.9586 

4.9643 

4.9700 

4.9757 

4.9814 

4.9872 

.31 

4.9929 

4.9986 

5.0043 

6.0100 

5.0158 

5.0215 

5.0S72 

5.0880 

5.a387 

5.0444 

.32 

5.0502 

5.0659 

6.0616 

5.0674 

5.0731 

5.0789 

5.0846 

6.0904 

5.0961 

5.1019 

i» 

6.1077 

5.1184 

5.1192 

5.1249 

5.1807 

5.1866 

5.1428 

5.1480 

5.1538 

6.1596 

.84 

5.1654 

5.1712 

5.1769 

5.1827 

5.1885 

5.1943 

52001 

5.2059 

5.2117 

6.2175 

.35 

5.2288 

5.2291 

5.2349 

5.2407 

5.2465 

5.2628 

5.2682 

5.2640 

5.2698  5.2756 

.36 

5.2814 

5.2873 

52961 

5.2989 

5.8048 

5.8106 

5  8164 

5.3223 

6  32811 6.5849 

.37 

5.3896 

5.d4.'>6 

5.3515 

58573 

5.3632 

53691 

5.8749 

5.3806 

5.8866  5.3925 

.38 

5.8984 

5.4042 

5.4101 

5.4160 

5.4219 

6.4277 

5.4386 

5.4895 

5.4454  6.4513 

JS» 

5.4572 

5.4630 

5.4689 

5.4748 

5.4807 

6.4866 

5.4925 

5.4984 

5.504Sj  5.5102 

1.40 

5.5162 

6.5221 

5.6280 

5.5389 

5.5398 

6.5457 

5.5516 

5.5676 

5.5635 

6.6694 

.41 

5.6754 

5.5818 

5.5872 

5.5932 

5.5991 

5.6a'i0 

56110 

5.6169 

5.6229 

5.6288 

.42 

5.6348 

5.6407 

5.6467 

5.6526 

5.6586 

5.6646 

5.6706 

5.6766 

5.6825 

5.6881 

.43 

5.6944 

6.7004 

5.7064 

5.7128 

5.7183 

5.7243 

5.7308 

5.7368 

5.7423 

6.7482 

.44 

5.7542 

5.7602 

6.7662 

5.7722 

5.7782 

5.7842 

5.7902 

6.7962 

5.8023 

5.808S 

.46 

5.8143 

6.8203 

5.8263 

58328 

5.8384 

5.8444 

6.8504 

6.8564 

5.8625 

5.8685 

.46 

5.8746 

5.8806 

1^.8866 

5.8926 

6.8987 

5.9047 

5.9108 

5.9168 

5.9229 

5.9289 

.47 

5.9350 

6.9410 

5.9471 

5.9582 

5.9692 

5.9658 

5.9714 

5.9774 

5.9886 

5.9696 

.48 

5.9917 

6.0017 

6.0078 

6.0139 

6.0200 

6.0261 

6.0322 

6.0382 

6.0448 

6.0504 

.49 

K—ii — : 

6.0665 

6.0626 

6.0687 

6.0748 

6.0800 

6.0870 

6.0981 

6.0993 

6.1054J  6.1115 

DUCBAKOK, IK  ovBic  PEsmB uooHD.  or  A  VB ■  om  FOOTiomK WRB- 


4H 


MMniAHmiir  omnc  fcbt  heb  bxoovo,  or  a  wkb  oin  footlosto,  wna 

OUT  GOHTBACnOH  AT  THE  EMDBt  FOB  DBPTH8  FBOM  24100  TO  L409  FSBT. 


Deplli 

Q 

1 

9 

8 

4 

5 

6 

7 

8 

9 

XM 

0.4187 

9.4257 

9.4828 

9.4890 

9.4460 

9.4M0 

9.4611 

1 

9.4682   9.4752 

9.4829 

M 

0.4804 

9.4966 

9.5086 

9.5106 

9.6177 

9JSa48 

9.5819 

9.5890   9.6461 

0.5681 

Jtt 

O.6808 

9.5674 

9.5745 

9.6816 

9.5887 

9^068 

9.6029 

9.6100    06171 

0.6248 

i» 

0.6314 

9.6886 

9.6466 

9.6027 

06689 

9.6670 

9.6741 

0.6812    0.6884 

06956 

JM 

0.7096 

9.7086 

9.7169   9.7240 

9.7812 

9.7388 

9.7465 

9.7626    0.7608 

0.7669 

il6 

0.7741 

9.7812 

9.7884  9.7965 

9.8027 

9.8096 

O8170 

08242   0.8818 

9,8385 

.OS 

0L8467 

9.8528 

9.88P0  9.8672 

9.8744 

9.8815 

98887 

0.8960   0.9031 

9SHJ8 

Ml 

0.0174 

09246 

9J»318   9.9380 

9.9462 

9.9684 

9.9606 

9.9678   9.9760 

9.9822 

M 

0.9804 

9.9066 

10.004 

10.011 

10.018 

10.025 

10.088 

10.040    10.047 

10.064 

M 

10.062 

10.060 

10.076 

10.083 

10.060 

10.098 

10.106 

10.112    10.110 

10.127 

1.10 

10.184 

10.141 

in.l48 

10.156 

10.168 

10.170 

10.177 

10.185    10.192 

10.199 

.11 

10.206 

10.214 

10.221 

10.228 

10.235 

10.248 

10.260 

10.257    10.264 

10.272 

.12 

10.270 

10.286 

10  298 

10.301 

10.806 

10.815 

10.898 

10.380    10.837 

10.844 

.18 

10.892 

10  360 

10.366    10JJ74 

10.381 

10.888 

10.396 

10.408    10.410 

10.417 

M 

10.426 

10.482 

10.439 
10il3 

10.447 

10.454 

10.461 

10.460 

10.476    10.488 

10.491 

J5 

10.408 

10JW6 

10.520 

10Ji27 

10.585 

10  542 

10.549  ,10.567 

10.564 

46 

10.6n 

10.579 

10.586 

10.593 

10.601 

10.608 

10.615 

10.628    10.680 

10.687 

JT 

10.640 

10.662 

10.650 

10.667 

10.674 

10.682 

10.689 

10.696    10.704 

10.711 

.18 

10.7U 

10.726 

10.783 

10.741 

10.748 

10.755 

10.768 

10.770    10.777 

10.785 

.19 

10.792 

10.800 

10.807 

10.814 

10JJ22 

10.829 

10887 

10.844    10.851 

10.869 

2.20 

10.866 

10.874 

10.881 

ia888 

10.896 

10.906 

10911 

10.918 

10.926 

10.983 

SL 

10.040 

10.948 

10  966 

10.968 

10.970 

10.978 

10965 

10.992 

11000 

11.007 

.22 

11.015 

11.022 

ll.()30 

11.087 

11.045 

11.052 

11.069 

11.067 

11,074 

11.082 

.23 

11.068 

11.097 

11.104 

11.112 

11.119 

11.127 

11.184 

11.141 

11.149 

11.156 

.24 

11.164 

11.171 

11.179 

11.186 

11.194 

11.201 

11.209 

11.216 

11224 

11.281 

J5 

11.289 

11246 

11.264 

11.261 

11.269 

11.276 

11.284 

11.291 

11.299 

11.806 

jm 

11.814 

11.321 

11.329 

11.386 

11.844 

11.851 

11.359 

11.806 

11.374 

11.881 

3a 

11.880 

11.396 

11.404 

11.412 

11.419 

11.427 

11.484 

11.4a 

11.448 

11.467 

.28 

11.464 

11.472 

11.479 

11.487 

11.494 

11.502 

11.510 

11.617 

11.625 

11.632 

.28 

IIJMO 

11J547 

11.565 

11.562 

11.570 

11,578 

11JM5 

11.598 

11.600 

11.608 

2.88 

11.616 

11.623 

11.681 

11.638 

11.646 

11.658 

11.661 

11.669 

11.676 

11.684 

XL 

11.601 

11.699 

11.706 

11.714 

11.722 

11.729 

11.787 

11.744 

11.762 

11.760 

Xi, 

11.767 

11.775 

11.788 

11.790 

11.796 

11.805 

11.813 

11.821 

11.828 

11.836 

.38 

11.813 

11.851 

11.8^ 
11.986 

11.866 

11.874 

11.882 

11.889 

11.897 

11.904 

U.912 

.84 

11.920 

11.927 

11.948 

11.950 

11.958 

11.966 

11.978 

11.981 

11.989 

.85 

11.906 

12.004 

12.012 

12.019 

12.027 

12.035 

12.042 

12.060 

12.058 

12.065 

.86 

12.078 

12.081 

12.088 

12.006 

12.104 

12.111 

12110 

12.127 

12.134 

12,142 

XI 

12.150 

12.157 

12.165 

12.173 

12.181 

12.188 

12.196 

12.204 

12.211 

12,219 

M 

12.227 

12.284 

12.242   12.250 

12.258 

12.265 

12.273 

12.281 

12.288 

12.296 

J8 

12.804 

12.312 

12.319 

12.327 

12  885 

12.842 

12.350 

12358 

12JI66 

12.873 

2.40 

12.181 

12.889 

12.89r 

12.404 

12.418 

12.420 

12.428 

12.485 

12.448 

12.461 

.41 

12.409 

12.466 

12.474 

12.482 

12.490 

12.497 

12.505 

12.518 

12.521 

12.528 

.42 

I2J>86 

12.544 

12Jf52 

12JS60 

12.567 

12.575 

12.583 

12.691 

12.586 

12.606 

.48 

12.614 

12.622 

12.680 

12.637 

12.645 

12.658 

12.661 

12.660 

12.676 

12.684 

.44 

12.692 

12.700 

12.708 

12.715 

12.728 

12.731 

12.789 

12.747 

12.754 

12.762 

.48 

12.770 

12.778 

12.788 

12.794 

12.801 

12.809 

12.817 

12326 

12.883 

12.840 

.46 

12.648 

12.856 

12.864   12.872 

12.880 

12.888 

12.895 

12.906 

12.911 

12.919 

.47 

12.927 

12.086 

12.942   12.950 

12.958 

12.966 

]2J»74 

12J»2 

12J90 

12.907 

.48 

18J006 

13.018 

18.021  i  13.029  ;i3.037 

13.045 

18.068 

18.060 

18.068 

18.076 

.40 

18j064 

18.092 

18.100   13.106   18J16 

18.124 

18.181 

18.189 

13.147 

13.166 

455 
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VELOCITIES,   IN  FBJET  PfiR  SECOND,  DUB  TO  HEADS  FROM  B  TO 

9.99  FEET. 


Head. 


5.0 
.1 
.2 
.3 
.4 
.5 
.6 
.7 
.8 
.9 

6.0 
.1 
.2 
.3 
.4 
.6 
.6 
.7 
.8 
.9 

7.0 
.1 
.2 
.8 
.4 
.5 
.6 
.7 
.8 
.9 

8.0 
.1 
.2 
.8 
.4 
.5 
.6 
.7 
.8 
.9 

^.0 
.1 
.2 
.8 
.4 
.5 
.6 
.7 
.8 
.9 


17.984 
18.112 
18.289 
18.464 
18.687 
18.809 
18.979 
19.148 
19.315 
19.481 

19.645 
19.808 
19.970 
20.131 
20.29J 
20.448 
20.604 
20.760 
20.914 
21.067 

21.219 
21.870 
21.520 
21.669 
21.817 
21.964 
22.110 
22.255 
22.399 
22  542 

22.685 
22.826 
22.966 
23106 
23.245 
23.383 
23.520 
23.656 
23.792 
23.927 

24.061 
24.194 
24  8*26 
24  458 
24.589 
24.720 
24.850 
24.979 
25.107 
25.285 


17.952 
18.130 
14.806 
18.481 
18.655 
18.826 
18.996 
19.165 
19.832 
19.497 

19.662 
19.825 
19.986 
20.147 
20.306 
20.463 
20.6->0 
20.775 
20.929 
21.083 

21.285 
21.886 
21.585 
21.684 
21.882 
21.979 
22.125 
22.270 
22.414 
22.557 

22.699 
22.840 
22.980 
23.120 
23.259 
23.396 
23.534 
23.670 
23.805 
23.940 

24.074 
24.207 
24.340 
24.471 
24.603 
24.733 
24.863 
24.992 
25.120 
25.248 


2 


17.970 
18.148 
18.824 
18.49tf 
18.672 
18.843 
19.013 
19.182 
19.348 
19.514 

19.678 
19.841 
20.00-i 
20.162 
20.321 
20.479 
20.635 
20.791 
20.945 
21.098 

21.250 
21.401 
21.550 
21.699 
21.847 
21.993 
22.189 
22  284 
22.428 
22  571 

22.718 
22.854 
22.994 
23.134 
23.272 
28.410 
23.547 
23.683 
23.819 
23.953 

24.087 
24.220 
24.353 
24  485 
24.616 
24.746 
24.876 
25.005 
25133 
25.260 


3 


17.987 
18.165 
18.842 
18.516 
18.689 

18  860 
19.030 
19.198 
19.365 
19.530 

19.694 

19  857 
20.018 
20.178 
20.887 
20.495 
20.651 
20.806 
20.960 
21.113 

21.265 
21.416 
21.565 
21.714 
21.861 
22008 
22154 
22.298 
22  442 
22.585 

22.727 
22.868 
23.008 
23.148 
23.28'^ 
23.424 
23.561 
23.697 
23.8^ 
23.967 

24.101 
24.234 
24.366 
24.498 
24  629 
24.759 
24.888 
25.017 
25.146 
25.273 


18.005 
18.183 
18.859 
18.538 
18.7061 
18.877 
19.047 
19.215 
19.382 
19.547 

19.711 
19.873 
20.034 
20.194 
20.3531 
20^(10 
20.667 
20.822 
20.9761 
21.128 

21.280 

21.431 

21.580 

21.729 

21.876 

22.023' 

22.168' 

22.313 

22.457, 

22.599 

22.741 

22.882 

23.022 

23.162' 

23.300, 

23.438 

23.574' 

43.711 

23.846, 

23.980 

24.114 
24.247 
24  379 
24.511 
24.642 
24.772 
24.901 
25.030 
25.158 
25.286 


6 


18.028 
18.:d01 
18.377 
18.651 
18.723 
18(^94 
19.064 
19.232 
19.398 
19563 

19.727 
19.889 
20.050 
20.210 
20.369 
20.626 
20.682 
20.837 
20.991 
21.144 

21.295 

21.446 

21.595 

i:1.743; 

21891 

22.037  i 

22.183 

22.327 

22.471 

22.614 

22.755 
22.896 
'8036 
23.175 
23.314 
23.451 
23.588 
23.724 
23.859 
23.994 

24.127 

24.260 

24.392' 

24.524' 

24.655' 

24.785; 

24.914! 

25.0431 

25.171 

25.299 


18.041 

18.218 

18.394 

18.568 

18.741 

18.911 

19  081 

19.248; 

19.415 

19.580 

19.743 
19906 
20.067 
20226 
20.385 
20.542 
20.698 
20.853 
21.006 
21.159 

21.310 
21.461 
21.610 
21.758 
21.906 
22.052 
22.197 
22.342 
22.485 
22.628 

22.769 
22.910 
23.050 
23189 
23  328 
23.465 

23  602 
•J3.738 
23.878 
24.007 

24  141 
24.274 
24.406 
24.537 
24.668 
24.798 
24  927 
25.0.')6 
25.184 
26.811 


8 


18.069 
18.286 
18.412 
18  585; 

18  768, 
18.928 
19.098 
19.266 
19.431, 
19.596 

19.760 

19  922 
20.088 
20.242; 
20.400 
•^0.557 
20.718 
20.868' 
21.0211 
21.174 

21.326 
21.476 
21.626 
21.778 
21.920 
22.066 
22.212 
22.356 
22.499 
22.642 

22.784 
22.924 
23.0641 
23.208 
23.841! 
23.4:9 
23.615' 
23.751' 
23.886 
24  020 

24.154 
24.287 
24.419 
24.^50 
24.681 
24.811 
24.940 
25.069 
25.197 
25.324 


18.077 
18.254 
18.429 
18.60i 

18  7T6 
18.945 
19.114 

19  282 
19.448 
19613 

19.776 
19  988 
20.099 
20.258 
20.416 
20.578 
20.729 
20.883 
21.087 
21.189 

21.340 
21.491 
21.640 
21.78- 
21.985 
22.081 
22.226 
22.370 
*/2.514 
22.666 

'^2  798 
22.988 
2:u78 
23.217 
'^8  355 
23.492 
23.629 
23.765 
V3.900 
*24.034 

24.167 
24.30(1 
24.432 
24.663 
24  694 
24  824 
24.935 
26.082 
25.209 
25.387 


18.094 
18.271 
18.446 

18  620 
18.792 
18.962 
19.131 

19..:99 

19.464 
19.629 

19.792 

19  954 
20.116 
20.274 
20.432 
20.689 
20.744 
20.899 
21052 
21.204 

21.356 
21u06 
21.656 
21.808 
2195U 
22.096 
22  241 
22.386 
22.528 
22  670 

22.812 

22  9.')2 

23  092 
23  231 
23.369 
23  606 
23  643 
23.778 

23  913 

24  0-17 

•;4181 
24  313 

24  445 
24.676 
24.707 
24.837 
24.966 
26.094 
26.222 

25  349 
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V£U)Ciri£S.  IN  FEET  PER  SECOND.  DUE  TO  HEADS  FBOM  20  TO 

24.99  FEET. 


Bead. 

O 

1 
1 

S 

3 

4 

ft 

6 

7 

8 

9 

20.0 

35.867 

35.876 

35.885 

35.894 

35.908 

86.912 

36.921 

36.990 

36.999 

85.948 

.1 

35.957 

a9.966 

36.975 

31.984 

35.993 

36.002 

96.011 

96.020 

36.028 

36.087 

.2 

36.046 

36.0)5 

36.064 

36.073 

36.082 

96.091 

36JO0 

36.109 

36.118 

36.127 

.3 

35.135 

36.144 

36.153 

36.162 

36.171 

36.180 

96.189 

36.1!l8 

36.207 

96.215 

.4 

3^.2.4 

06.233 

36  242 

36.261 

36.260 

36.209 

96.278 

96.286 

36.295 

96.304 

.5 

36.313   36.322 

36.331 

36.340 

36.348 

96.367 

36.966 

36.375 

36.384 

36.383 

.6 

33.401.  36.410 

36  419 

36.428 

36.437 

36.446 

36.454 

36.463 

36.472 

36.481 

.7 

36.490.  36  499 

36.607 

36.516 

36.625 

.36.634 

36.543 

96J)6l 

36.660 

36.569 

.8 

36.578   36.-,87 

36  595 

36.604 

36.613 

36.622 

96.690 

36.639 

36.648 

36.657 

.9 

36.666,  36.674 

36.683 

36.692 

36.701 

36.709 

36.718 

36.727 

86.796 

36.744 

21.0 

36.768   36.762 

36.771 

36.779 

36.788 

36.797 

36.806 

36.814 

36.823 

36.832 

.1 

3-1841    36.849 

36.858 

36.867 

36.876 

96.884 

36.803 

96.902 

36.910 

36.919 

.2 

36.928   96.936' 

36.946 

36.954 

36.963 

36.971 

36.980 

36.969 

36.997 

87.006 

.8 

37015   87.023 

37.032 

37.041 

37.049 

36.068 

37.067 

37.076 

37.084 

37.098 

.4 

37.102   37.110 

37.119 

37.128 

37.136 

b7.145 

37.154 

37.162 

37.171 

37.179 

JS 

37188   37.197 

37.205 

37.214 

37.223 

37.231 

37.240 

37.249 

37.257 

37.266 

.6 

37.27.'J   37.283 

37.292 

37.300 

37.809 

37.318 

37.926 

37.335 

37.343 

37.362 

.7 

37.%  I    87.369 

37.378 

37.387 

37.395 

37.404 

37  412 

37.421 

37.430 

37.438 

.8 

37.447   87.455 

37.464 

37.472 

37.481 

37.490 

97.498 

37.606 

37.515 

37.524 

.9 

37.532   87.54t 

37.530 

37..'»58 

37.667 

37.575 

37.584 

37.592 

37.601 

37.610 

'22  0 

37.618   37,627 

37.636 

37.644 

37.662 

37.661 

37.669 

37.678 

37.686 

37.696 

.1 

37.708   37.712 

87.721 

37.729 

37.738 

37.746 

37.765 

37.763 

37.772 

37.780 

.2 

37.789  37  797 

37.806 

37.814 

37.828 

37.832 

37.840 

37.848 

37.857 

37.865 

.3 

37  874    37.882 

37.891 

37.899 

37.906 

37.916 

37.926 

37.933 

87.942 

37.950 

4 

37959   37.967 

37.975 

87.984 

37.992 

38.001 

38.009 

38.018 

38.026 

38.035 

.5 

38.013   38.052 

38.060 

38.068 

38.077 

38.085 

38.094 

38.102 

38.111 

38.119 

.6 

38.128   38.136 

38.144 

38.153 

38.161 

38.170 

38178 

38.187 

38.195 

38.203 

7 

38.212   38  220 

38.229 

38.237 

38.246 

38.254 

38.262 

98.271 

98.279 

3S.288 

.8 

38.296   38.304 

38.313 

38.321 

38.330 

3S.338 

38.846 

88.366 

98.963 

38371 

.9 

38.380   38.388 

38  397 

38.405 

38.413 

38.422 

38.430 

38.438 

38.447 

3S.455 

230 

38.464   38.472 

38.480 

3B.489 

38.497 

38.605 

38.614 

38.622 

98.690 

38  589 

.1 

38.547   -38.555 

38  664 

38.672 

38.680 

38.589 

38.597 

38.605 

98.614 

88.622 

.2 

38.630   38.688 

38.647 

38.656 

38.664 

38.672 

98.680 

38.689 

88  697 

3S.705 

.3 

38.714   38.722 

38.730 

38.738 

38.747 

38.765 

38.763 

38.772 

38.780 

38.788 

.4 

38.797    38.805 

38.813 

38.821 

38.830 

38.888 

38.846 

38.855 

38.868 

38.8n 

.5 

38.879   38.838 

38.896 

38.904 

38  912 

38.921 

38.929 

38.937 

38.945 

38.954 

.6 

38.962   38.970 

38.978 

38.987 

38.996 

39.003 

39011 

39.020 

39.028 

39.096 

.7 

39.044   39.053 

39.061 

39.069 

39.077 

39.086 

39.094 

39.102 

39.110 

89.  U9 

.8 

.39  127    39.135 

39.143 

39151 

39.160 

39.168 

39.176 

39.184 

39.192 

39.201 

.9 

39.209   39.217 

T 

39.223 

39.233 

39.242 

39.250 

39.258 

39.266 

39.274 

39.283 

24.0 

39.29 1 '  39*299 

39.307 

39  316 

39.324 

39.332 

39.840 

39.348 

39.356 

39  364 

.1 

39373   39.381 

39.389 

39.397 

39.405 

39.413 

39.422 

39.430 

39.498 

89.446 

.2 

39  461    39.46i 

39  470 

39.479 

39.487 

39  495 

39.503 

39.611 

89.519 

39.5-27 

.8 

39.536   39.^44 

39.552 

39.660 

39.668 

39.576 

39.584 

39..?92 

99.601 

3»60e 

.4 

39.617    39.62.'i 

39  633 

39  641 

39.649 

39.657 

39.666 

:«.e74 

:^.682 

89.690 

.5 

39.698    39.7«i6 

39.714 

39.722 

39.780 

:i9.738 

39.747 

39.756 

39.763 

89.771 

.6 

39.779   39.787 

39  795 

3».803 

39.811 

39.819 

39  827 

39  835 

39.844 

39.852 

.7 

39.860   39.868 

39.876 

39  884 

39.892 

39.900 

39.908 

39.916 

39.9:24 

39.932 

.8 

39.940   39.948 

39.956 

39.964 

39.972 

39.981 

39.989 

39.997 

40.005 

4'J.013 

.9 

40.021    40.029 

40.037 

40  045 

40.053 

40.061 

40.069 

40.077 

40065 

40.098 

431 


VELOCITIES,  IN  FEET  PER  SECOND,  DUE  TO   HEADS  FROM  25  TO 

29.99  FEET. 


Head. 


25.0 
.1 
.2 
.8 
.4 
.5 
.6 
.7 
.8 
.9 

26.0 
.1 
.2 
.3 
.4 
.6 
.6 
.7 
.8 
.9 

270 
.1 
.2 
.8 
.4 
.5 
.6 
.7 
.8 
.9 

28.0 
.1: 
.2 
.3 
.4 
.6 
.6 
.7 
.8 
.9 

29.0 
.1 
.2 
.8 
.4 
.6 
.6 
.7 
.8 
.9 


40.101 
40.181 
40.261 
40.341 
40.421 
40.500 
40.579 
40.669 
40.738 
40.816 

40.895 
40.974 
41.052 
41.180 
41.209 
41.287 
41.864 
41.442 
41.520 
41.597 

41674 
41.761 
41.828 
41.905 
41.962 
42.068 
42135 
42.211 
42.287 
42.363 

42.439 
42.515 
42.590 
42.666 
42.741 
42.816 

42  891 
42.966 
43.041 
43.116 

4.1.190 
43.264 
43.339 

43  4n 
43.487 
43  561 
43  635 
43.708 
43.782 
43.855 


40.109 
40.  J  89 
40.269 
40.349 
40.428 
40.508 
40.587 
40.666 
40.745 
40.824 

40.903 
40.982 
41.060 
41.138 
41.216 
41.294 
41.372 
41.450 
41.527 
41.605 

41.6S2 
41.759 
41.836 
41.918 
41.980 

42  066 
42.142 
42.219 
42.295 
42.371 

42.446 
42.522 
42.598 
42.673 
42.748 
42.824 
42.899 
42.974 
48.048 
43.123 

43.19S 
43.272 

43  346 
43.420 
43.494 
43..'^ 
43  642 
43.716 
43.789 
48.862 


40.117 
40.197 
40.277 
40.357 
40.486 
40.516 
40.595 
40.674 
40.758 
40.832 

40  911 
40.989 
41.068 
41.146 
41.224 
41.302 
41.380 
41.458 
41.535 
41.612 

41.690 
41.767 
41844 
41920 
41.997 

42  074 
42.150 
42.226 
42.302 
42.378 

42.454 
42.530 
42.606 
42.681 
42.756 
42.881 
42.906 
42.981 
43.056 
43.130 

43.205 
48279 
43.354 

43  428 
43  502 
43  576 
43  649 
48  723 
48.796 
43.870 


40.126 
40.*z05 
40.285 
40.865 
40.444 
40524 
40.603 
40.682 
40.761 
40.840 

40.919 
40.997 
41.076 
41.154 
41.232 
41.310 
41.388 
41.465 
41.548 
41.620 

41.697 
41.774 
41.851 
41.928 
42.006 
42.081 
42.158 
42.234 
42.810 
42.386 

42.462 
42  587 
42.618 
42.6S8 
42.764 
42.839 
42.914 
42  989 
43.063 
43.138 

43.212 

43.287 
43.361 
43.43') 
4*^.509 
43.583 
43.657 
43.730 
43.804 
48.877 


40.188 
40.218 
40.293 
40.378 
40  452 
40.532 
^0.611 
40.690 
40.769 
40.848 

40.927 
41.006 
41.083 
41.162 
41.240 
41.318 
41.395 
41.478 
41.551 
41.628 

41.706 
41.782 
41.869 
41.936 
42.012 
42.089 
42.165 
42.241 
42.317 
42.893 

42.469 
42.1545 
42.620 
42.696 
42.771 
42.846 
42.921 
42.996 
43.071 
43.145 

43.220 

48.'m 

43.368 

43.443 

43.51 

43..')90 

43.664 

43.788 

43.811 

43.884 


6 


40.141 

40.221 

40.801 

40.881 

40.460 

40.540 

40.619 

40.698( 

40.777 

40.856 

40.934 
41.013 
41.091 
41.169 
41.248 
41.325 
41.403 
41.481 
41.558 
41.636 

41.713 
41.790 
41.867 
41.948 
42  020 
42.096 
42.173 
42.249 
42.325 
42401 

42477 
42.552 

42.628 

42.703 

42.7791 

42.854' 

42929; 

43.004' 

43.078 

43.153 


43  227 
43..^02 
43.376 
43  4.'>0 
48.524 
43.598 
43  671 
43.745 
43.818 
43.892, 


40.149 

40.229 

40  309 

4o.b89 

4  •.468 

40  548 

40.627 

40.706 

40.785' 

40.864 

40.942 
41.021 
41.099 
41.177 
41.255 
41333 
41.411 
41489 
41.566 
41.643 

41.720 
41.797 
41.874 
41.961 
42.028 
42.104 
42.180 

42  257, 
42.883 
42.409 

42.484 ' 

42.560, 

42.636 

42.711 

42.786; 

42.861 

42.936 

43.0111 

43  086, 
43.160 

43.235 
43.309 
43  383 
43  457 
43..'^31 
43.60.'> 
43.679 
43  7.52, 
43826 
43  899 


8 


40.157 
40J287 
40.317 
40.897 
40.476 
40.556 
40.635 
40.714 
40.793 
40  872 

40.950 

41.(29; 

41.107, 

41.186 

41.263 

41.841, 

41.419, 

41496. 

41.574 

41.661 

41.728 
41.806' 
41882' 
41.959, 
42.035 
42.112 
42.188 
42.264 
42.340 
42.416 

42.492 
42.668 
42.648 
42.718 
42.794 
42.869 
42.944 
43.01R 
43.093 
43.168 

43.243 
43  316 
43  391 
43.4(->5 
43  539 
43.612 
43.P86 
43.760 
43.833 
43.906 


0 


40.165 
40.246' 
40.325, 
40.406 
40.484, 
40.f)63 
40.648 
40.722 
40  801 
40.879, 

40.968 
41.036 
41115 
41.193 
41.271 
41.849 
41.426 
41604 
41.581 
41.659 

I 
41.736 
41.813 
41.890 
41.967 
42.043 
42.119 
42196 
42.272 
42.348 
42.424 

42.499 
42.575 
42.651 
42.726 
42.801 
42.876 
42.951 
43.026 
93101 
43.175 

43.250 
43.324 
43398, 
43.4721 
48  546, 
43.620, 
43.694; 
43.767; 
43.840, 
43.914 


40.178 
40.258 
40.338 
40.413 
40.492 
40.571 
40.651 
40.730 
40  809 
40.887 

40  966 
41.044 
41.128 
41.201 
41.279 
41.357 
41 .4^ 
41.512 
41.589 
41.666 

41.744 
41.821 
41.897 
41.974 
42.061 
42.127 
42.203 
42.279 
42.365 
42.431 

42.607 
42.683 
42.668 
42.783 
42.809 

42  884 
42.950 

43  083 
48.108 
43.188 

43.257 
43  331 
43  406 
43.480 
43.563 
43  627 
<  8.701 
43.774 
43.848 
43.921 


432 

VELOCITIES,  IN  FEET  PER  SECOND,  DUE  TO  HEADS  FROM  dO  TO 

34.99    FEET. 


Head. 

0 

1 

2 

3 

4 

6 

6 

7 

8 

9 

30.0 

43.928 

43.936 

43.943 

43.950 

43.958 

43.966 

43.972 

43.980 

43.967 

43.994 

.1 

44.002 

44.iKj9{  44.016 

44.024 

44.031 

44.038 

44.045 

44.053 

44.060 

44.067 

.2 

44.075 

44.082 

44.089 

44.097 

44.104 

44.111 

44.118 

44.126 

44.133 

44.140 

.3 

44.148 

44.156 

44.162 

44.169 

44.177 

44.184 

44.191 

44.196 

44.206 

44.218 

A 

44.220 

44.228 

44.236 

44.242 

44.249 

41.267 

44,264 

44.271 

44.278 

44.286 

.5 

44.293 

44.3()J 

44.308 

44.316 

44.822 

44.329 

44.337 

44.344 

44.351 

44.358 

.6 

44.38B 

44.371 

44.380 

44.387 

44.396 

44.402 

44.409 

44.416 

44.428 

44.431 

.7 

44.488 

44.445 

44.452 

44.460 

44.467 

44.474 

44.481 

44.489 

44496 

44  603 

.8 

44.r>10 

44.6  8;  44.625 

44.532 

44.539 

44.546 

44.654 

44.561 

44.568 

44.575 

.9 

44.682 

44.590 

44.597 

44.604 

44.611 

44.619 

44.626 

44.638 

44.640 

44.647 

31.0 

44.665 

44.662 

44.669 

44.676 

44.C83 

44.691 

44.698 

44.706 

44.712 

44.719 

.1 

44.727 

44.T34 

44.741 

44  748 

44.755 

44.762 

44.770 

44.777 

44.784 

44.791 

.2 

41.798 

4I.8U6 

44.813 

44.820 

44.827 

44.834 

44.841 

44.849 

44.666 

44.863 

.3 

44.870 

44.877 

44.884 

44.892 

44.899 

44.906 

44.918 

44.9i0 

44.927 

44  966 

.4 

41.942 

44.919 

44.966 

44.963 

44.970 

41.978 

44.986 

44.992 

44.999 

45.006 

.5 

45.013 

4  .020 

46.0;^ 

45.036 

45.042 

46.049 

45.066 

45.068 

4 1.070 

46.('78 

.6 

45.086 

45.092 

45.099 

45.106 

45.113 

45.120 

46.127 

46.136 

46.142 

46.149 

.7 

45.156 

45.163 

45.170 

45.177 

45.184 

46.192 

45.190 

4i>.206 

46.213 

45.220 

.8 

45.227 

45.234 

46.241 

45.248 

46.266 

45.263 

45.270 

46.277 

46  284 

45.291 

.9 

46.298 

45  305 

46.312 

46.319 

46.827 

45.334 

46.341 

46.348 

43.355 

45.362 

32.0 

46.369 

45.376 

45.383 

45.390 

46.397 

46.406 

45.412 

45.419 

45.426 

45  438 

.1 

45.440 

45  447 

46.454 

45.461 

46.468 

45.475 

45.482 

45.4h9 

45.44»7 

45  604 

.2 

46.511 

45.618 

45  625 

46.532 

45.539 

46.546 

45.553 

45.660 

46.667 

45.574 

.3 

45.681 

46  588 

45.596 

45.602 

45.609 

46.617 

46.624 

46.631 

46.638 

46  645 

.4 

46.652 

46  659 

46.666 

4  ).673 

46.680 

45.687 

45.694 

46.701 

46.7()8 

4..n6 

.5 

45.722 

45.729 

46  736 

45.743 

45.760 

46.767 

46.764 

46.771 

46.778 

43.785 

.6 

45.792 

45.799 

45.807 

46.814 

45.821 

45.828 

45.836 

46.842 

45.849 

45  856 

.7 

46.863 

46.870 

41.877 

46.884 

46.891 

45.898 

45.905 

45912 

46.919 

4V926 

.8 

45.933 

45.940 

46.947 

45.954 

46.961 

45.968 

46.976 

4->.982 

45.989 

46  996 

.9 

46.003 

46.010 

46.017 

46.024 

46.081 

46.038 

46.045 

46.052 

46.059 

46.066 

33.0 

46.073 

46.060 

46.086 

46.093 

46.100 

46.107 

46.114 

46121 

46.126 

46135 

.1 

46.142 

46.149 

46.156 

46.168 

46.170 

46.177 

46.184 

46.191 

46.196 

46.206 

.2 

46.212 

46.219 

46.226 

46.233 

46.240 

46.247 

46.264 

46.261 

46  268 

46.275 

.3 

46.281 

46.288 

46.295 

46.302 

46.309 

46.316 

46.328 

46.330 

46.337 

46  344 

.4 

46.351 

46.358 

46.366 

46.372 

46.379 

46.386 

46.393 

46.399 

46.406 

46  413 

.5 

46.420 

46.427 

46.434 

46.441 

46.44  i 

46.456 

46.462 

46.460 

46.476 

46.483 

.6 

46.489 

46.496 

46.503 

46.510 

46.517 

46.524 

46.631 

46.638 

46.645 

46  552 

.7 

46.559 

46.666 

46.572 

46.579 

46.686 

46.593 

46.600 

46.607 

46.614 

46.6-a 

.8 

46.628 

46.636 

46.642 

46.648 

46.655 

46.662 

46.669 

46.676 

46.683 

46.680 

.9 

46.697 

46.703 

46.710 

46.717 

46.724 

46.731 

46.739 

46.745 

46.762 

46  769 

34.0 

46.766 

46  772 

46.779 

46.786 

46.793 

46.800 

46.807 

46.814 

46.620 

46.827 

.1 

46.8  J4 

4>.84l 

46.848 

46.866 

46.862 

46  868 

46  875 

46.882 

46.889 

46.896 

.2 

46.903 

46  910 

46.916 

46.928 

46.930 

46.9:^7 

46.944 

46.961 

46.968 

46.964 

.3 

46.971 

46.978 

46.986 

46.992 

46.999 

47.005 

47  012 

47.019 

47.026 

47.038 

.4 

47.040 

47.047 

47.053 

47  060 

47.067 

47.(»74 

47  081 

47.0-8 

47.094 

47.101 

.5 

47.108 

47  115 

47.122 

47128 

47.135 

47.142 

47.149 

47.166 

47.168 

47.160 

.6 

47.176 

47.183 

47.190 

47.197 

47.2i.3 

47.210 

47.217 

47  224 

47.281 

47.288 

.7 

47.244 

47.251 

47.2.58 

47  26=1 

47.272 

47.278 

47  285 

47.292 

47.299 

47.306 

.8 

47.312 

47.319 

47.326 

47.333 

47.340 

47.346 

47.353 

47.860 

47.867 

47.374 

.9 

47.380 

47.387 

47.394 

47.401 

47.407 

47.414 

47.421 

47.428 

47.436 

47.441 
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VEIiOC7TIKS,  IN  FEET  PEK  SECOND,*  DUE  TO  HEADS  PBOM  36  TO 

39.99  FEET. 


Bead. 

0 

1 

% 

3 

4 

5       1      6 

7            8 

1 

9 

35.0 

47.448 

47.465 

47.462 

47.469 

47.476 

47.482 

47.489 

47.496 

47.502  47.609 

.1 

47JM6 

47.523 

47.529 

47.636 

47.543 

47.550 

47.656 

47.663 

47.570  47.677 

.2 

47.584 

47.590 

47.597 

47.004 

47.611 

47.617 

47.624 

47.631 

47.638  47.644 

.3 

47.651 

47.658 

47.666 

47.671 

47.678 

47.685 

47.692 

47.698 

47.705  47.712 

.4 

44.719 

47.726 

47.732 

47.739 

47.745 

47.752 

47.769 

47.766 

47.772  47.779 

.5 

47.786 

47.793 

47.799 

47.806 

47.813 

47.819 

47.826 

47.833 

47.840  47.846 

.6 

47.853 

47.860 

47.867 

47.873   47.880 

47.887 

47.893 

47.900 

47.907  47.914 

.7 

47.920 

47.927 

47.934 

47.940    47.947 

47.954 

47.961 

47.967 

47.974  47.981 

.8 

47.987 

47.994 

48.001 

48.007    48.014 

48.021 

48.028 

48.034 

48.041  48.048 

.9 

48.054 

48.061 

48.068 

48.074 

48.081 

48.088 

48.094 

48.101 

48.108  48.116 

36.0 

48.121 

48.128 

48.134 

48.141 

48.148 

48.155 

48.161 

48.168 

48.175  48.181 

.1 

48.188 

48.195 

48.201 

48.208 

48.216 

48.221 

48.228 

48.285 

48.241!  48.248 

.2 

48.255 

48.261 

48.268 

48.275 

48.281 

48.288 

48.296 

48.302 

48.308!  48.815 
48.375  48.381 

.3 

48.321 

48.328 

48.335 

48.341 

^^•O^O 

48.365 

48.361 

48.368 

.4 

48.388 

48.394 

48.401 

48.408 

48.414 

48.421 

48.428 

48  434 

48.441  48.448 

.5 

48.454 

48.461 

48.467 

48.474 

48.481 

48.487 

48.494 

48.601 

48.607,48.514 

.6 

48.521 

48.527 

48.534 

48.540 

48.547 

48.554 

48.660 

48..567 

48.574;  48.580 

.1 

48.587 

48.593 

48.600 

48.607 

48.613 

48.620 

48.626 

48.633 

48.640, 48.646 

.8 

48.653 

48.660 

48.666 

48.673 

48.679 

48.686 

48.693 

48.699 

48.706  48.712 

.9 

48.719 

48.726 

48.732 

48.739 

48J46 

48.752 

48.769 

48.765 

48.771  48.778 

37.0 

48.785 

48.792 

48.798 

48.805 

48.811 

48.818 

48.824 

48.831 

48.838  48.844 

.1 

48.851 

48.867 

48.864 

48.871 

48.877 

48.884 

48.890 

48.897 

48.903  48.910 

.2 

48.917 

48.923 

48.98a 

48.936    48  943 

48.960 

48.966 

48.963 

48.969  48.976 

.3 

48.982 

48.989 

48.995 

49  002 

49.009 

49.015 

49.022 

49.028 

49.035  49.041 

.4 

49.048 

49.055 

49.061 

49.068 

49.074 

49.081 

49.087 

49.094 

49.100]  49.107 

.6 

49.113 

49.120 

49.127 

49.133 

49.140 

49.146 

49.153 

49.169 

49.166^  49.172 

.6 

49.179 

49.185 

49.192 

49.199   49.206 

49.212 

49.218 

49.225 

49  231  49.238 

.7 

49.244 

49.251 

49.257 

49.264 

49.270 

49.277 

49.283 

49.290 

49.297  49  303 

.8 

49.310 

49.316 

49.323 

49.329 

49.336 

49.342 

49.349 

49.366 

49  362  49.368 

Jd 

49.375 

49.381 

49.388 

49.394 

49.401 

49.407 

49  414 

49.420 

49.427 

49.433 

88.0 

49.440 

49.446 

49.463 

49.459 

49.466 

49.472 

49  479 

49.486 

49.492'  49.498 

.1 

49.505 

49.511 

49  618 

49.524 

49.531 

49.537 

49..'44 

49.550 

49.567  49.663 

.2 

49.570 

49.576 

49  583 

49.589 

49.696 

49.602 

49.609 

49.616 

49.622  49.628 

.8 

49.635 

49.641 

49.648 

49.654 

49.661 

40.667 

49.673 

49.680 

49.686  49.693 

.4 

49.699 

49.706 

49  712 

49.719 

49.726 

49.732 

49.738 

49.746 

49  761  49.768 

.6 

49.764 

49.770 

49.VV7 

49.783 

49.790 

49.796 

49.803 

49.809 

49.816  49.822 

.6 

49.829 

49.835 

49.842 

49.848 

49.854 

49  861 

49.867 

49.874 

49.880  49.887 

.7 

49.893 

49.900 

49.906 

49.912 

49.919 

49.925 

49.932 

49.938 

49.946  49.951 

.8 

49.958 

49.964 

49.970 

49.977 

49.983 

49.990 

49.996 

50.003 

50.009  50.015 

M 

50.022 

50.028 

50.035 

50.041 

£0.048 

50  054 

50.060 

50.067 

50.073  50.080 

1 

89.0 

50.086 

50.093 

50.099 

50.105 

50.112 

60.118 

50.126 

50.131 

50.137  50.144 

.1 

60.160 

60.157 

60163 

50.170 

60.176 

50.182 

60.189 

.50196 

60.202  50.208 

.2 

50.214 

50.221 

50.227 

60.234 

60.240 

50.246  i   50.263 

60.259 

50  266  50.272 

.3 

50.278 

50.285 

60.291 

60.298 

50.304 

50.310 

50.317 

60.323 

50.330  60.386 

.4 

50.342 

60.349 

50.365 

5(».362 

50  368 

60.374 

50.381 

50.387 

50.393  60.400 

.6 

50.406 

50.413 

50.419 

50.425 

60.432 

50  4.38 

50  444 

50.451 

50.457  50.464 

.6 

50.470 

60.476 

50.483 

50.489 

50.496 

50.502 

50.508 

60.616 

50.621  60.627 

.7 

60  534 

50.540 

50.546 

50  553 

50.569 

50.565 

50.572 

50.578 

50,685  60.691 

.8 

50.597 

50.604 

50.6ttt 

60  fil6'  50.623 

.'-10.629 

50  686 

60.642 

5n  648  .^^0.664 

.9 

50.661 

60.667 

..j.^.^    ■O.cDl  a  .'■♦i,  :0.l92 

1 

.^'..C^o;  CJ«.7i.o!  60.7 1'J  H'.7'8 

1              1 
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VELOCITIEB,  IN  PEET  PER  SECOND,  DUE  TO  HEADS  FROM  40  TO 

44.99  FEET. 


Bead. 

0 

1 

• 

2 

3 

4 

6 

6 

7 

8 

9 

40.0 

50.724 

50.731 

50.737 

50.743 

50.750 

50.766 

50.762 

60.769 

60.775 

50.781 

.1 

60.788 

50.79i 

50.800 

50.8<)7 

50.813'  50.819 

50.826 

50.832 

50.838 

60.846 

.2 

50.851 

50.857 

50.863 

50.870 

50.876'  60.882 

60.889 

50.896 

50.901 

50  908 

.3 

60.914 

50.920 

50.927 

50.933 

50.939!  50.946 

60.952 

50.968 

60.965 

50.971 

.4 

50.977 

50.983 

50.990 

60.996 

51.002    51.009 

61.016 

61.021 

51.028 

51.034 

.5 

61.040 

51.047 

51.053 

51.059 

51.065    51.072 

61.078 

51.084 

51.091 

61.097 

.6 

51.103 

61.110 

51.116 

51.122 

51.128,  51.135 

61.141 

61.147 

61.154 

51.160 

.7 

51.166 

51.172 

51.179 

51.185 

51.191 

51.198 

51.204 

51.210 

61.216 

61.228 

.8 

61.229 

51.236 

51.241 

5  [.248 

51.254 

51.260 

51.267 

51.:i78 

61.279 

61.*^ 

.9 

51.292' 

51.298 

51.304 

51.310 

51.317 

51.323 

61.329 

61.836 

51.342 

51.348 

41.0 

61.a54 

51.361 

51.367 

51.373 

51.379 

51.386 

51.392 

51.398 

51.404 

61.411 

.1 

51.417 

51.423 

51.429 

51.436 

51.442 

61.448 

61.454 

51.461 

51.467 

61.478 

.2 

51.479 

51.486 

51.492 

.'il.498 

51.504 

61.511 

51.517 

51.523 

61.529 

51.586 

.8 

51.542 

61.648 

51.554 

51.561 

51.567 

51.573 

51.579 

61.586 

61.592 

51.598 

.4 

51.604' 

61610 

51.617 

51.623 

51.629    61.635 

51.642 

61.648 

51.654 

51.660 

.5 

61.667 

51673 

51.679 

51.685 

51.691    51.698 

51.704 

61.710 

61.716 

51.723 

.6 

61.729 

51.735 

51.741 

61.747 

51.754    51.760 

51.766 

61.772 

61.778 

51.785 

.7 

61.791 

51.797 

51.803 

51.809 

51.816    51.822 

51.828 

61.884 

51.841 

51.847 

.8 

51.853 

51.8o9 

51.865 

51.872 

51.878 

51.884 

51.890 

51.896 

61.903 

61.900 

.9 

51.915 

51.921 

51.927 

51.934 

51.940 

51.946 

51.952 

51.958 

51.964 

61.971 

420 

51.977 

51.983 

51.989 

51.995 

52.002 

52.008 

62.014 

62.020 

52.026 

52.032 

.1 

62.039 

52.045 

52.061 

52.057 

52.063 

52.070 

52.076 

62.082 

62.088 

52.(94 

.2 

52.100 

52.107 

52.113 

52.119 

52.125 

52.131 

52.137 

62.144 

62.150 

52.166 

.8 

52.162 

52.168 

52.174 

52.181 

52.187 

52.193 

52.199 

52  206 

62.211 

52.218 

.4 

62.224 

52.230 

52.236 

52.242 

52.248 

52.255 

52.261 

52.267 

62.273 

52.279 

.5 

52.285 

52  291 

52.298 

52.304 

52.310 

52.316 

52.322 

62328 

52.334 

52.341 

.6 

52.347 

52.353 

52.359 

52.365 

52.371 

52.377 

52  384 

52.390 

52.396 

52  402 

.7 

52.408 

52.414 

52.420 

52.427 

52.433 

52.439 

62.445 

52.451 

62.457 

52.468 

.8 

62.470 

62.476 

52.482 

52.488 

52.494 

52.500 

62.506 

52.612 

62  619 

52.625 

.9 

52.531 

52.537 

52.543 

52.549 

52.555 

52.561 

62.567 

52.574 

62.580 

52.586 

43.0 

52.592 

52.598 

52.604 

52.610 

52.616 

52.623 

52.629 

62.635 

62.641 

52.647 

.1 

52.653 

52.659 

52.665 

52.671 

52.678 

52.684 

62.690 

52.696 

62.702 

52.708 

.2 

52.714 

52.720 

52726 

52.732 

52.738 

52.745 

52.751 

62.757 

62.763 

62  769 

.3 

52.775 

52.781 

52.787 

52.793 

52.799 

52.806 

b2M2 

52.818 

52.824 

62.830 

.4 

52  836 

52.842 

52.848 

52.854 

52.860 

62.866 

52.873 

52.879 

52.885 

52.891 

.5 

52  897 

52.903 

52.9  9 

.52.915 

52.i)21 

52.927 

52.933 

5-^.939 

52.945 

53.952 

.6 

52.958 

52.964 

54.970    52.976 

52.982 

52.988 

52.994 

63.000 

53.00>i 

58.012 

.7 

53.018 

53.024 

53.030 

53.037 

53.043 

53.049 

53  055 

53.061 

53.067 

53.073 

.8 

53.079 

53.085 

53.091 

53.097 

53.103 

53.109 

53.115 

53.121 

53.127 

53.138 

.9 

58.139 

53.146 

53.152 

53.158 

53.164 

53  170 

53.176 

53.182 

53.188 

63.194 

44.0 

53.200 

53.206 

53.212 

53.218 

53.224 

53.230 

53.236 

53.242 

53.248 

63.264 

.1 

53.260 

53266 

53.272 

53.279 

53.285 

53.291 

53.297 

53.308 

63.309 

63.315 

.2 

53.321 

53.327 

53  333 

53.339 

53.34.^ 

53.351 

53.357 

63.868 

63.369 

53.375 

.3 

53.381 

53.387 

53.393 

53.399 

53.405 

53.411 

53.417 

53.423 

63.429 

58.435 

.4 

53.441 

53.447 

53.453 

53.459 

53.465 

53.471 

53.477 

68.483 

53.489 

63.495 

.5 

53.501 

53.507 

53.513 

53.519 

53.525 

.53  531 

53.537 

53.643 

53.649 

68.556 

.6 

58.561 

53.567 

53.573 

53.579 

53.5S6 

53.592 

53.598 

58.604 

58.610 

53.616 

.7 

53.621 

53.627 

53.633 

53.639 

53.645 

53.651 

53.657 

63.668 

68.669 

53.675 

.8 

58.681 

53.687 

53.693 

53  699'  53  705 

53.711 

53.717 

58.728 

53.729 

58.735 

.9 

63.741 

53.747 

53.753 

53.759 

1 

53.765 

53.771 

58.777 

53.783 

63.789 

58.796 
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VELOCITIES,  IN  FEET  PER  SEC50ND,  DUB  TO   HBADB  FROM  45  TO 

49.99  FEET. 


F^ad. 

0 

1 

2 

3 

4 

15.0 

63.801 

63.807 

58.813 

63.819 

53.825 

.1 

53.861 

5;i.867 

58.873 

58.879 

68.885 

.2 

53  921 

53.927 

53.93;^ 

58.938 

53.944 

J8 

58.980 

68.986 

63.992 

63.998 

64.004 

A 

54.040 

54.046 

64.0f2 

64.058 

54.064 

.5 

54.099 

54.105 

54.111 

54.117 

54.123 

.6 

54.159 

64.165 

54.170 

64.176 

64.182 

.7 

54.218 

54.224 

54.230 

54.236 

54.242 

.8 

54.2T7 

54.288 

54.289 

64.-.95 

54.301 

.9 

54.336 

54.342 

54.348 

54.354 

64.360 

46.0 

54.396 

54.402 

64.407 

54.413 

54.419 

.1 

54.455 

54.461 

51.467 

54.472 

54.478 

.2 

54.514 

54.520 

54.626 

54.531 

54.537 

.3 

54.578 

54.579 

54.685 

&i.69(t 

54.196 

.4 

54.632 

54.638 

64  643 

64.649 

54.656 

J$ 

54.690 

54.696 

54.702 

64.708 

64.714 

.6 

54.749 

54.755 

64.761 

64.767 

54.773 

.7 

54.808 

54.814 

54.8;i(i 

54.826 

54.831 

.8 

54.867 

54.872 

64  878 

54.884 

54.890 

.9 

64.925 

54.931 

54.937 

64.943 

54.949 

47.0 

54.984 

54.990 

54.996 

65.001 

65.007 

.1 

55.042 

56.048 

55.064 

66.060 

55.066 

.2 

55.101 

56.106 

65.112 

55.118 

65.124 

.8 

55.159 

55.165 

65.171 

55.176 

55.182 

.4 

55.217 

56.223 

65.229 

55.235 

66.240 

.5 

65.275 

55.281 

55.287 

66.293 

56.299 

.6 

55.331 

65.339 

65.346 

65.351 

55.357 

.7 

65.392 

65  397 

55.403 

65.409 

56.415 

.8 

65.450 

55.455 

65.4' 1 

55.467 

66.473 

.9 

55.508 

55.613 

56.619 

65.525 

56.631 

48.0 

55.566 

56.6n 

56.577 

56.583 

55.589 

.1 

55.623 

66.629 

66.686 

55.641 

56.647 

.2 

65.681 

55.687 

55.693 

65.699 

65.704 

.3 

55.739 

66.746 

55.7;.0 

55.766 

66.762 

.4 

56.797 

56  802 

65.808 

66.814 

65.820 

.5 

5-^.854 

56.860 

66.866 

66.872 

55.877 

.6 

55.91V 

66  918 

56.923 

.'^5.929 

66.936 

.7 

56.9^9 

55.975 

66.981 

55.987 

65  992 

.8 

56,027 

56  032 

56.038 

56.044 

56.050 

.9 

56.084 

56  090 

66.096 

56.101 

56.107 

49.0 

56.141 

56.147 

56.158 

56.159 

66.164 

1 

56.199 

56.204 

56.210 

56.216 

66.222 

.2 

56.256 

66.262 

56  267 

56.273 

66.279 

.3 

56.313 

f  6.319 

56.324 

66.330 

56.336 

.4 

56.370 

56.376 

56.381 

56  387 

66.393 

.6 

56.427 

56.433 

56.439 

515.444 

56.450 

.6 

56.484 

56.490 

56.4!>5 

66.501 

56.607 

.7 

56  541 

56.547 

56.552 

56.558 

56.664 

.8 

56  598 

66  604 

ft6.6<i9 

56  615 

56.621 

.9 

56.655 

66.660 

56.666 

56.672 

56.677 

53.831 
6  <.891 
53.950 
54.010 
64.069 
64.129 
54.188 
64.248 
64.307 
64  366 

64.425 
54.484 
54.543 
54.602 
54.661 
64.720 
64.779 
64.837 
54.896 
64.954 

65.013 
55.«>71 
56.130 
65.188 
55.246 
55.304 
55.363 
55.421 
56.479 
66.537 

65.595 
65.652 
65.710 
65.768 
55.825 
65.883 
55.941 
ib.9m 
56.065 
66.113 

56.170 
56.227 
56.284 
56.342 
56.399 
56.466 
56.513 
56.669 
56.626 
56.683 


6 


63.887 
63.897 
53.956 
64.016 
64.075 
54.136 
54.194 
54.264 
54.313 
64.372 

64.431 
64.490 
54.M9 
64.608 
54.667 
54.726 
54.784 
54.843 
54.902 
54.960 

55.019 
55.077 
55.136 
66.194 
65.252 
55.310 
65.368 
65.426 
65.484 
65.542 

56.600 
55.658 
55.716 
65.774 
55.881 
55.889 
55.946 
66.004 
66.061 
56.118 

56.176 
56.233 
66.290 
56.847 
56.4(14 
66.461 
56.518 
56.575 
66:632 
56.689 


53.843 
63.903 
53.962 
64.022 
64.081 
54.141 
54.200 
64.269 
54.319 
54.378 

54.437 

54  496 
54.656 
54.614 
64.673 
64.732 
54.790 
64.849 
64.908 
64.966 

55.025 
56.088 
65.141 
65.200 
56.268 
56.816 
65.374 
56.482 
55.490 
66.548 

55.606 
65.664 
55.722 
55.779 

55  837 
55.896 
55.952 
56.009 
56.067 
56.124 

56.181 
56.239 
66.296 
66.353 
66  410 
56.467 
56.524 

56  581 
66.638 
66.694 


8 


63.849 
53.909 
68.9»8 
54.028 
64.087 
64.147 
64.206 
54.266 
64.826 
54.884 

64.443 
54.602 
64.561 
54.620 
54.679 
54.737 
54.796 
54.866 
64.913 
64.972 

65.030 
66.089 
55.147 
56.206 
65.284 
66.322 
65.380 
56.488 
66.496 
65.564 

66.612 
56.670 
65.727 
66.785 
66.843 
55.900 
55.968 
56.015 
56.073 
66.130 

56.187 
56.244 
66.302 
66.369 
66.416 
56  473 
56.580 
56.686 
56.643 
56.700 


9 


63.866 
58.915 
63.974 
54.034 
54.098 
64.168 
54.212 
54.271 
64.331 
54.390 

54.449 
54.'i08 
64.667 
64.626 
64.686 
64.743 
64.802 
54.861 
04.919 
54.978 

66.036 
66.095 
55.163 
55.211 
66.270 
65.828 
66.386 
56.444 
66.602 
66.660 

55.618 
66.67fi 
56.789 
66.791 
56.848 
56.906 
66.96^ 
56.021 
66.078 
66.136 

66.193 
56.260 
56  807 
56.364 
66.421 
56.478 
56.535 
66.692 
56.649 
56.706 
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43* 


441 


"BiaT 

in 
Inch. 

i 

5 

Y 

■i 


TT 


i 

a 
1 

li 
u 
If 
u 
If 
11 
IJ 

2 

2i 

2i 

II 

21 
2i 

2J 

3 

3i 

3i 

3| 

3| 

31 

31 

3J 

4 

H 
41 
44 
41 
41 

44 


Circ'in 

in 
ft.  in. 

.196 

.392 

.589 

.785 

.981 

1.178 

1.374 

1.570 

1.767 

1.963 

2.159 

2.356 

2.552 

2.748 

2.945 

3* 

34 

3S 

H 
H 
54 
54 

5i 

H 

61 

7 

71 

71 

8i 


Area  in 

square 

inch. 


91 
lOi 
101 
11 
HI 
HI 

m 

04 

II 
II 

21 
24 
2& 
3i 


.0030 
.0122 
.0276 
.0490 
.0767 
.1104 
.1503 
.1963 
.2485 
.3068 
.3712 
.4417 
.5185 
.6013 
.6903 
.7854 
.9940 
1.227 
1.484 
1.767 
2.073 
2.405 
2.761 
3.141 
3.546 
3.976 
4.430 
4.908 
5.412 
5.939 
6.491 
7.068 
7.669 
8.295 
8.946 
9.621 
10.320 
11.044 
11.793 
12.566 
13.364 
14.186 
15.033 
15.904 
16.800 
17.720 
18.665 


Dia. 

in 

inch. 


Clrc'm 

in 
ft.  in. 


31 
41 
44 

51 


2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 


6 

6| 
61 

71 
7| 
8 

81 

81 

H 
94 

10 

10| 

10| 

Hi 

114 

Hi 
01 
01 

li 

14 
li 
H 

2| 
3 


3i 
H 

5 

51 
51 

H 
61 

7 

71 

71 

8J 

84 

8i 

91 

9| 


19.685 
20.629 
21.647 
22.690 
23.768 
24.860 
25.967 
27.108 
28.274 
29.464 
30.679 
31.919 
33. 183 
34.471 
36.784 
37.122 
38.484 
39.871 
41.282 
42.718 
44.178 
45.663 
47.173 
48.707 
50.266 
51.848 
53.456 
55.088 
56.745 
58.426 
60. 132 
61.862 
63.617 
65.396 
67.200 
69.029 
70.882 
72.759 
74.662 
76.588 
78.640 
80.615 
82.616 
84.540 
86.690 
88.664 
90.762 


Dia. 

Circ»m 

Area  in 

in 

in 

Square 
feet. 

Inch. 

ft 

.in. 

lOi 

2 

lOj 

.6499 

11 

2 

104 

6662 

Hi 

2 

lOi 

.6804 

Hi 

2 

HI 

.6958 

HI 

2 

HI 

.7143 

114 

3 

04 

.7270 

HI 

3 

04 

.7429 

HI 

3 

oi 

.7690 

Hi 

3 

u 

.7752 

12 

3 

11 

.7916 

12i 

3 

2 

.8082 

121 

3 

24 

.8250 

12| 

3 

2i 

.8419 

124 

3 

31 

.6690 

121 

3 

31 

.8762 

121 

3 

4 

.8937 

12i 

3 

41 

.9113 

13 

3 

41 

.9291 

13i 

3 

51 

.9470 

131 

3 

51 

.9642 

131 

3 

6 

.9835 

134 

3 

61 

1.0019 

131 

3 

61 

1.0206 

131 

3 

7i 

1.0294 

13i 

3 

74 

1.0684 

14 

3 

7i 

1.0775 

14i 

3 

81 

1.0968 

141 

3 

81 

1.1193 

141 

3 

n 

1.1300 

144 

3 

H 

1.1569 

141 

3 

9i 

1.1749 

141 

3 

101 

1.1961 

14i 

3 

101 

1.2164 

16 

3 

Hi 

1.2370 

151 

3 

114 

1.2677 

151 

3 

Hi 

1.2785 

15| 

01 

1.2996 

154 

01 

1.3208 

151 

1 

1.3422 

151 

14 

1.3637 

15i 

li 

1.3855 

16 

H 

1.4074 

161 

21 

1.4295 

161 

3 

1.4517 

161 

31 

1.4741 

164 

31 

1.4967 

161 

41 

1.6196 

442 


Piam. 

in 
inch. 


16i 

161 

17 

171 

17i 

171 

17i 

171 

17| 

171 

18 

ISh 

18i 

18} 

18^ 

181 

181 

18& 

19 

19j 

19i 

191 

Idh 

191 

191 

19i 

20 

20i 

20i 

20i 

20h 

201 


20S 

21 

2U 

2li 

211 

2U 

21| 

211 

21i 

22 

22  & 

22^ 

221 

22i 


Circ*m 

in 
ft.  in. 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


41 

5 

61 

51 

6i 

6i 

6J 

71 

71 

8J 

8i 

8i 

H 

91 


4  lOJ 
4  lOi 
4  lOS 
4  Hi 
4  HI 
0 


Oi 

OS 

H 

n 

2 
2| 

2S 

H 

3| 
4 


41 

6* 
6i 

6i 
61 
61 
7i 
7i 
7i 
8i 
81 

9* 
9i 


Area  in 

Square 

feet. 


5  lOi 
5  lOi 


1.5424 
1.5655 
1.5888 
1.6123 
1.6369 
1.6597 
1.6836 
1.7078 
1.7321 
1.7666 
1.7812 
1.8061 
1.8311 
1.8662 
1.8816 
1.9071 
1.9328 
1.9686 
1.9847 
1.9941 
2.0371 
2.0637 
2.0904 
2.1172 
2. 1443 
2.1716 
2. 1990 
2.2265 
2.2543 
2.2822 
2.3103 
2.3386 
2.3670 
2.3966 
2.4244 
2.4633 
2.4824 
2.6117 
2.5412 
2.5708 
2.6007 
2.6306 
2.6608 
2.6691 
2.7016 
2.7224 
2.7632 


Diam. 

in 
ft.  in. 


221 
221 
22J 
23 
23J 
23i 
23| 
23^ 
23| 
23| 
23S 
0 

o\ 

OS 
01 

1 

H 

i| 

2 
2i 

21 
3 

H 
H 
H 

4 

4| 
5 

H 

5| 
6 

6ft 
6| 
7 

71 
8 

81 
8i 
81 


Circ'm 

in 
ft.  in. 


5 
5 

«# 

o 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
8 
8 
8 
8 
8 
8 
8 
8 
8 


11 

lU 
oi 


1 

li 
II 

21 
21 
3 
31 
44 
4i 
51 
6il 
7i 
81 
8i 
91 
\Qh 
HI 
0 
01 
II 
21 
31 
3S 
41 
5d 
61 
7 
71 


9i 
101 
11 
111 


11 
2\ 
25 
31 
ih 
51 
61 
61 


Area  in' 

Square 

feet. 


2.7980 
2.8054 
2.8658 
2.8903 
2.9100 
2.9518 
2.9937 
3.0129 
3.0261 
3.0722 
3.1081 
3.1418 

3  2075 
3.2731 
3.3410 
3.4081 
3.4775 
3.5468 
3.6101 
3.6870 
3.7583 
3.8302 
8.9042 
8.9761 
4.0600 
4.1241 
4.2000 
4.2760 
4.3621 
4.4302 
4.6083 

4  5861 
4.6665 
4.7467 
4.8274 
4.9081 
4.9901 
5.0731 
6.1673 
6.2278 
5.3264 
5.4112 
6.4982 
5.5850 
6.6729 
6.7601 
6.8491 


Diam. 

iQ 
ft.  in. 


2  9 
2  91 
2  H 
2  91 
2  10 
2  101 
2  lOi 
2  101 
2  11 
2  111 
2  lU 

2  HI 

3  0 


3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3  8 

3  81 

3  8i 


01 

Oh 
01 
1 

U 
14 
II 

2 

H 

2i 

21 

3 

31 

34 

31 

4 

41 

44 

41 

6 

51 

54 

51 

6 

61 

64 

61 

7 

71 

74 

71 


Circ'in. 

in 
ft.  in. 


8 

71 

8 

84 

8 

H 

8 

10 

8  101 

8  114 

9 

01 

9 

U 

9 

u 

9 

21 

9 

34 

9 

41 

9 
9 
9 
9 
9 
9 
9 


5 

5J 


74 

«1 
9 


9  104 
9  Hi 
10  01 
10  01 
10  II 
10  24 
10  31 
10  4 
10  45 
10  61 
10  61 
10  71 
10  8 
10  81 
10  94 
10  lOl 

10  lU 

11  lU 
11  01 

11  14 

11  21 

11  3 

11  -35 

11  41 

U  51 

11  61 

11  7 

11  7i 


Area  in 

Square 

feet. 

6.9398 

6.0291 

6.1201 

6.2129 

6.3051 

6.3981 

6.4911 

6.5863 

6.6815 

6.7772 

6.8738 

6.9701 

7.0688 

7.1671 

7.2664 

7.3662 

7.4661 

7.6671 

7.6691 

7.7791 

7.8681 

7.9791 

8.0846 

8.1891 

8.2951 

8.4026 

8.6091 

8.6171 

8.7269 

8.8361 

8.9462 

9.0561 

9.1686 

9.2112 

9.3936 

9.5061 

9.6212 

9.7364 

9.8518 

9.9671 

10.084 

10.202 

10.320 

10.439 

10.569 

10.679 

10.800 


443 


Diam. 

Circ'm 

Area  in 

Diam. 

Clrc'm. 

Area  in 

Diam 

Circ'm 

Area  in 

in 

in 

Sqnare 

in 

in 

Square 

J"" 

in 

Square 

it.  in. 

ft.  in. 

fert 

ft.  in. 

ft.  in. 

feet. 

ft.  in. 

ft.  in. 

feet. 

3  81 

11  Sh 

10.922 

4  84 

14  94 

17.411 

5  84 

17  101 

26.406 

3  9 

U  9i 

11.044 

4  81 

14  lOJ 

17.666 

6  84 

17  lis 

26.692 

3  9i 

11  lOi 

11.167 

4  9 

14  11 

17.720 

6  83 

17  lis 

26.779 

3  H 

11  10  J 

11.291 

4  9i 

14  US 

17.876 

6  9 

18  01 

26  964 

3  91 

11  Hi 

11.416 

4  9i 

15  0| 

18.033 

6  94 

18  14 

26.165 

3  10 

12  Oi 

11.634 

4  n 

15  If 

18.189 

6  94 

18  24 

26.344 

3  lOi 

12  li 

11.666 

4  10 

15  2i 

18.347 

6  93 

18  3S 

26.534 

3  lOh 

12  2 

11.793 

4  lOi 

15  2S 

18.606 

6  10 

18  3S 

26.725 

3  lOl 

12  2i 

11.920 

4  104 

15  31 

18.666 

5  104 

18  41 

26.916 

3  11 

12  3| 

12.048 

4  101 

15  44 

18.825 

5  104 

18  54 

27.108 

3  m 

12  4f 

12.176 

4  11 

15  5i 

18.985 

5  103 

18  64 

27.301 

3  lU 

12  5| 

12.305 

4  m 

16  64 

19.147 

5  11 

18  7 

27.494 

3  115 

12  6 

12.435 

4  114 

15  6S 

19.309 

5  114 

18  73 

27.688 

4  0 

12  6| 

12.666 

4  113 

15  7| 

19.471 

5  114 

18  81 

27.883 

4  Oi 

J2  74 

12.697 

5  0 

15  84 

19.636 

5  113 

18  9| 

28.078 

4  0^ 

12  81 

12.829 

5  Oi 

15  94 

19.798 

6  0 

18  lOS 

28.274 

4  01 

12  9^ 

12.962 

5  04 

15  10 

19.963 

6  04 

18  lOS 

28.471 

4  1 

12  9J 

13.095 

5  03 

15  103 

20.128 

6  04 

18  113 

28.663 

4  U 

12  10| 

13.229 

5  1 

15  111 

20.294 

6  03 

19  04 

28.866 

4  U 

12  114 

13.364 

5  11 

16  Of 

20.461 

6  1 

19  14 

29.065 

4  11 

13  OJ 

13.499 

5  IJ 

16  14 

20.629 

6  14 

19  2S 

29.264 

4  2 

13  1* 

13.635 

5  1| 

16  IS 

20.797 

6  14 

19  2S 

29.466 

4  2i 

13  IS 

13.772 

5  2 

16  23 

20.965 

6  13 

19  31 

29.665 

4  2d 

13  2| 

13.909 

5  2\ 

16  34 

21.L35 

6  2 

19  44 

29.867 

4  21 

13  3f 

14.047 

5  24 

16  44 

21.305 

6  24 

19  54 

30.069 

4  3 

13  4} 

14.186 

5  21 

16  5i 

21.476 

6  24 

19  6 

30.271 

4  8^ 

13  5 

14.325 

5  3 

16  5S 

21.647 

6  23 

19  63 

80.476 

4  H 

13  6| 

14.465 

5  SI 
5  34 

16  64 

21.819 

6  3 

19  71 

30.679 

4  31 

13  64 

14.606 

16  74 

21.992 

6  34 

19  81 

30.884 

4  4 

13  7| 

14.748 

5  31 

16  84 

22.166 

6  34 

19  9S 

31.090 

4  41 

13  8* 

14.890 

5  4 

16  9 

22.333 

6  33 

19  9S 

31.296 

4  4i 

13  8S 

15.033 

5  44 

16  93 

22.516 

6  4 

19  103 

31603 

4  41 

13  91 

15.176 

5  44 

16  101 

22.621 

6  44 

19  114 

31.710 

4  5 

13  104 

15.320 

5  43 

16  111 

22.866 

6  44 

20  04 

31.919 

4  6} 

13  in 

15.465 

5  5 

17  OS 

23.043 

6  43 

20  IS 

32.114 

4  6| 

14  0 

15.611 

5  5i 

17  OS 

23.221 

6  6 

20  IS 

32.337 

4  5|'l4  Oi 

15.757 

5  54 

17  11 

23.330 

6  64 

20  21 

32.648 

4  6  14  1| 

15.904 

5  51 

17  24 

23.678 

6  64 

20  34 

32.769 

4  61  14  2f 
4  6i  14  3i 

16.051 

5  6 

17  3| 

23.758 

6  63 

20  44 

32.970 

16.200 

5  6i'l7  4i 

23.938 

6  6 

20  6 

33.183 

4  61  14  4 

16.349 

5  6.],  17  H 

24.119 

6  64  20  61 

33.396 

4  7 

14  41 

16.498 

5  63 

17  5| 

24.301 

6  6420  64 

33.619 

4  7J 
4  7| 

14  54 

16.649 

5  7 

17  64 

24.483 

6  63  20  7| 

33.824 

14  6i 

16.800 

5  74 

17  74 

24.666 

6  7 

20  8S 

34.039 

4  7i 

14  7| 

16.951 

6  74  17  8 

24.850 

6  7420  8S 

34.266 

4  8 

14  71 

17.104 

5  73 

17  83 

26.034 

6  74 

20  91 

34.471 

4  8i 

14  81 

17.257 

5  8 

17  9| 

26.220 

6  73 

20  104 

34.688 

444 


DUm. 

Circ*m 

iLreain 

Diam. 

aic'm. 

Ajreain 

Diam 

Circ'm 

in 

in 

saaare 
leet. 

in 

m 

square 

in 

in 

ft.  in. 

ft.  in. 

ft.  in. 

ft 

in. 

feet. 

ft.  in. 
18  6 

ft.  in. 

6  8 

20  Hi 

34.906 

9  7 

30 

H 

72. 1309 

42  4| 

6  Si 

21  OJ 

35.125 

8 

30 

41 

73.3910 

7 

42  8 

6  8i 

21  OJ 

35.344 

9 

30 

7i 

74.6620 

8 

42  lU 

6  81 

21  11 

35.564 

10 

30 

HI 

75.9433 

9 

43  2i 

6  9 

21  21 

35.784 

11 

31 

11 

77.2362 

10 

43  54 

6  9| 

21  3i 

36.006 

10  0 

31 

5 

78.5400 
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CHASLA.. 


MlHS  CHARLA  A.  ADAMS. 


n  Mountain  pri,  rece: 
;t  and  occasional  spells 
the  Lowell  mills,  graduating  from  there  at  nineteen  as  mathemai- 
tician  of  my  l«stin^  work,  anil  as  I  had  never  owned  a  schoolbook 
until  buying  them  for  my  children,  it  will  readily  be  conceived  that 
we  were  not  handicapped  by  the  Massachusetts  school  system. 

Without  exception  Charla  was  the  most  expeditious  mathema- 
tician and  best  adapted  for  the  purpose  of  any  one  1  have  ever  known 
•  a  the  work. 
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SPIRITUALISM. 

A  LiTiag  BeligiOB,  of  Demonstration,  Personal  Besponslbility, 

and  Consolation. 

This  belief  has  been  latent  in  the  human  heart  since  the  dawn  of  recorded 
intellif^ence  down  to  the  present  time,  and  is  now  openly  accepted  by  the 
most  intelligent  as  the  truth,  yet  sneered  at  by  the  dollar  stamped  clergy 
from  self  interest. 

The  cause  has  had  a  terrible  load  to  carry  in  carrying  the  vagaries  of  its 
professed  friends,  and  had  it  not  been  based  upon  eternal  truth  it  would  have 
been  annihilated  long  ago. 

Its  mediums,  mere  mortals  of  very  ordinary  clay,  instead  of  being  en- 
couraged and  aided  tx)  seek  the  truth,  have  too  often  been  surrounded  by 
ruffianly  bands  of  bigoted  ignorance,  and  in  frequent  cases  female  mediums 
have  been  married  by  lazy  loafers  of  the  male  species,  solely  as  a  means  of 
obtaining  a  living  without  labor,  and  the  wife  has  often  been  compelled  to  do 
wluit,  if  properly  cherished,  she  would  never  have  thought  of  doing. 

Then  again,  as  its  expounders  in  manjr  cases  have  belonged  to,  to  say  the 
least,  not  the  moat  learned,  the  vagaries  published  are  not  always' well 
established,  to  say  nothing  of  the  long  words  required  to  express  tne  pro- 
found depths  of  the  writer's  ideas. 

Then  the  smellers  that  seek  for  fraud,  the  self  appointed  witch  finders  of 
the  Gagool  type  described  by  Rider  Haggard  in  "  Kin^  Solomon's  Mines," 
who  through  monumental  conceit  and  ignorantly  conceived  notions  of  spirit 
etiquette  assume  the  office  of  censor  of  spiritual  management,  may  retard  but 
can  never  stop  the  onward  march  of  its  grand  and  humane  truths. 

From  infancy  I  have  ever  desired  to  know  the  whv  of  any  mystery.  My 
first  visit  to  a  haunted  house  was  in  my  eighth  year.  Of  course  the  Rochester 
knockings  interested  me,  but  a  wandering  life  of  ten  years'  previous  experi- 
ence in  strange  lands  had  knocked  many  of  childhood's  conceits  from  my 
mind  and  broadened  the  horizon  of  my  ideas ;  personal  experience  also  had 
caused  consideration.  It  was  not  uncommon  for  me  at  that  time  to  suddenly 
become  unconscious  and  begin  to  repeat  lines  of  poetry  that  would  he 
seemingly  printed  upon  the  wall  of  the  room  in  front  of  me.  As  the  last  word 
was  repeated,  there  would  be  exactly  such  a  change  in  appearance  as  takes 
place  in  a  kaleidoscope  and  more  lines  would  come  in  view.  As  this  was 
about  a  year  before  the  advent  of  the  knockings  my  declamations  were  con- 
sidered uncanny.  A  vivid  impression  of  the  fact  was  always  left  upon  my 
mind  but  the  lines  could  never  be  remembered. 

Then  followed  a  phase  of  gradually  rousing  from  sleep  to  a  consciousness 
of  two  or  three  voices  near  by  arguing  a  case,  so  real  that  it  would  cause 
me  to  turn  and  try  various  methods  to  ascertain  whether  it  was  a  dream ; 
suddenly  all  would  cease  but  the  impression  would  remain  for  days,  yet  the 
subjec^  could  never  be  recalled  though  perfectly  understood  the  moment 
before  It  ceased. 

To  this  followed  visions  of  beautiful  landscapes,  rarely  persons  or  animal 
life,  but  the  colors  of  mosses,  leaves,  stones,  and  the  thousand  details  so 
perfect  that  at  times  I  would  get  up  and  walk  across  the  room  to  make  sure 
of  being  awake.  For  years  these  were  believed  to  be  optical  illusions,  but 
I  know  Detter  now  and  deeply  regret  that  such  gifts  were  not  more  thank- 
fully received.  Another  phase  K)llowed  and  to  some  extent  is  still  with 
me,  namely,  impressions,  often  as  palpable  as  spoken  words.  These  usually 
come  when  receiving^  or  reading  a  letter,  message,  or  communication,  in  one 
case  causing  me  to  pitch  a  letter  containing  a  check  for  $150  into  the  waste 
basket,  for  doing  which  the  sender  at  times  attempts  to  be  sarcastic. 

For  years  I  took  but  little  interest  in  Spiritualism,  but  as  its  adherents 
increased  it  became  a  power,  and  I  took  the  Christian's  ideal  of  good,  the 
dollar,  as  a  standard  oi  its  popularity. 

At  the  time  I  was  publishing  a  quarterly  paper, 

EMERSON'S  TURBINE  REPORTER,  five  thousand  copies  each  issue  to 
fill  contract  with  advertisers.  It  had  paid  expenses  less  postage  up  to  that 
time.  I  announced  that  after  four  more  issues  the  paper  would  be  discon- 
tinued and  a  book  take  its  place ;  then  commenced  a  series  of  articles  on 
Spiritualism  herewith  republished  in  their  order.  The  first  issue  contain- 
ing the  article  paid  all  expense,  the  next  $25  above,  the  third  over  $100, 
and  the  last  over  $200,  a  supplement  being  required  for  advertising  space. 
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SPIBITUAII8M. 

The  wonderful  stories  of  spiritual  manifestations  going  the  rounds  of  the 
press  have  caused  a  desire  for  more  light  relative  thereto  ;  such  manifesta- 
tions, under  various  phases,  have  been  common  since  the  dawn  of  history  ;  in 
ancient  times  the  leaders  of  the  people  made  them  useful,  now  those  that 
would  be  leaders  are  careful  to  ignore  interest  in  them,  isditors  that  are 
loudest  in  screeching,  "  See  how  independent  we  are  ! "  dare  not  publish  an 
article  upon  the  subject  without  launching  it  from  the  top  of  the  fence  that 
it  may  be  fitted  for  either  side,  by  the  ever  convenient,  "  I  told  you  so !  " 
Why  this  unmanly  hedging?  A  little  inquiry  will  satisfy  any  one  that  the 
world  is  ready  for  the  truth.  It  is  true  that  there  is  a  feeble  "  tweet,  tweet, 
tweet "  going  out  from  the  pulpit,  as  there  doubtless  was  nineteen  centuries 
since,  but  the  time  now,  as  then,  is  unfavorable  to  pulpits ;  intelligence  plays 
the  deuce  with  such  places  ;  there  is  little  consistency  in  talking  about  the 
Bible  being  a  guide,  while  building  structures  in  which  to  worship  the  son  of 
a  carpenter,  so  very  nice  that  one  of  that  class  has  little  chance  of  ever  see- 
ing the  inside  after  taking  his  tools  out ;  five  to  twenty  thousand  dollar  sala- 
ries have  little  in  common  with  the  veritable  Jesus  of  Nazareth,  though  in 
full  accordance  with  the  pulpit  article.  The  -time  for  such  is  passing  away, 
the  sneered  at  manifestations  have  had  much  to  do  with  the  change  and 
Church  creeds  are  kept  in  the  background  as  being  too  illiberal  for  the 
times.  Nearly  every  book  of  note  now  issued  is  spiced  with  the  belief  ;  our 
conversation  is  mixed  with  its  phrases  ;  if  one  doubts  the  general  infusion 
let  him  get  into  quiet  conversation  with  the  first  person  met,  and  the  chances 
are  ten  to  one  that  some  wonderful  experience  having  a  bearing  upon  the 
subject  will  be  related.  Some  of  the  best  known  manufacturers  with  whom 
I  am  acquainted  are  deeply  interested  as  investigators.  Such,  invariably,  are 
thinkers,  and  usually  successful  in  their  business,  some  of  them  very  re- 
markably so.  A  large  portion  of  Turbine  builders  are  open  believers  in 
Spiritualism,  and  it  is  but  fair  to  state  that,  in  not  one  single  instance  has 
one  of  that  belief  misrepresented  results  obtained  from  a  test  of  wheel, 
while  the  contrary  has  often  been  the  case  with  builders  ever  ready  to  sneer 
at  the  Spiritualist.  It  is  true  that  Spiritualism  has  been  "  exposed  "  almost 
daily  for  the  last  twenty-five  years,  yet  it  will  not  down.  Would  it  not  be  wiser 
to  meet  the  case  fairly  and  learn  what  right  it  has  to  consideration  ?  It  does 
not  matter  what  this  or  that  professor  has  to  say  upon  the  subject,  unless 
said  after  fair  examination  ;  the  prefix  adds  nothing  to  the  individual's 
power  of  discernment ;  besides,  such  persons  are  usually  specialists,  and  have 
some  hobby  upon  the  brsdn.  Professor  Univalve  spends  twenty  years  in  as- 
certaining the  exact  number  of  wrinkles  that  a  mussel  of  respectable  habits 
should  have  in  his  shell  at  maturity.  Prof.  Thimble  does  not  believe  in 
spirits,  and,  like  a  cow,  has  no  interest  in  a  Hereafter.  Our  educational 
professors  are  so  deeply  engaged  in  searching  for  the  roots  of  words,  that 
the  useless  abominations  in  spelling  of  those  words,  against  which  nature 
through  every  child  learning  to  read,  is  constantly  protesting,  are  unnoticed 
by  them,  and  the  stone  at  one  end  of  the  bag  to  balance  the  grist  is  con- 
stantly carried,  and  is  likely  to  be,  unless  the  "  heathen  Japs  "  relieve  us  of 
the  useless  weight.  It  is  useless  to  expect  such  minds  to  investigate  any- 
thing aside  from  their  own  narrow  world,  and  perhaps  it  is  better  that  it  is 
so,  for  the  few  have  done  the  thinking  for  the  many  too  long  already.  What 
a  turning  over  of  things  there  would  be  if  prejudice  could  be  annihilated  and 
questions  be  decided  upon  merit !  A  sort  of  moral  undertow  compels  general 
progression  now  ;  froth  rises  to  the  top  and  becomes  the  most  conspicuous  ; 
shallow  minds,  without  Investigation,  pronounce  anything  humbug  that  is 
new  and  beyond  their  comprehension.  Could  such  control  events  La  Place's 
statement  that  "  What  we  know  is  little,  what  we  don't  know,  immense," 
would  ever  remain  true.  The  cut  bono  of  the  truckling  editor,  while  pander- 
ing to  popular  prejudice,  is  simply  a  tribute  paid  to  such  minds,  and  is 
doubly  shallow  when  written  within  sight  of  a  score  of  steeples  all  claiming 
to  point  the  way  to  the  spirit  land,  and  upon  exactly  the  same  evidence  as 
the  sneered  at  manifestations,  the  latter  witnessed  by  ourselves,  friends,  and 
neighbors,  the  former  by well,  whom  ?  It  is  a  matter  of  little  conse- 
quence whether  Prof.  Thimble  is  interested  in  the  matter  or  not,  the  world 
has  been,  is,  and  ever  will  be,  interested  ;  for  myself,  aU  other  gain  would  be 
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as  nothins;  compared  with  the  knowledge  that  life  here  is  but  the  beginning 
of  eternal  conscious  process,  that  separation  from  our  loved  ones  is  but 
temporary.  If  the  manitestations  are  of  spiritual  origin  as  claimed  they 
offer  the  onlv  tangible  evidence  of  a  Hereaiter.  If  not  of  spiritual,  but  of 
earthly,  origin,  may  they  not  be  the  harbingers  of  knowledge  of  boundless 
importance  to  humanity?  If  neither  of  spiritual  nor  earthly  origin  in  a 
proper  sense,  but  the  result  of  mere  trickery,  then  they  have  a  fearful  bear- 
ing upon  evidence.  I  have  seen  a  table  rise  upon  two  lees  and  walk  out  of 
the  dining-room  into  the  parlor  and  return,  with  no  visible  person  touching 
it.  I  have  seen  two  heavy  men  try  in  vain  to  hold  a  table  to  the  floor ;  this 
in  Mechanics  Hall,  Lowell,  Mass.,  and  before  an  audience  of  four  hundred 
persons ;  no  one  pretended  to  doubt  the  fact.  I  have  taken  a  common  accor- 
dion in  my  hand,  holdine  it  by  the  molding  around  the  valve  ;  the  instru- 
ment extended  at  arm's  length  from  my  side ;  the  key  end  of  the  instru- 
ment immediately  rose  to  a  level  in  line  with  my  arm,  but  extended  from 
me.  and  then  commenced  to  play  a  very  lively  tune  ;  the  sun  was  shining 
full  upon  the  instrument.  I  have  taken  a  slate  in  my  hand,  or  one  end  of  it, 
the  other  being  held  by  the  medium ;  a  bit  of  pencil  was  placed  upon  the 
slate,  which  was  then  held  beneath  the  table,  not  up  against  it,  but  at  least 
a  foot  below,  and  in  plain  sight.  The  pencil  commenced  to  write  immcMdi- 
ately  ;  several  messages  were  produced  in  less  time  than  I  could  have  writ- 
ten one  ;  one  of  the  messages  was  as  follows  :  *'  There  is  a  large  band  of  us 
around  you  ;  if  you  will  sit  at  home  we  will  show  you  things  that  are  wonder- 
ful.*' I  have  had  the  Eddvs  at  my  house,  also  several  other  well-known  me- 
diums ;  have  had  to  do  with  nearly  all  the  best  known  public  mediums,  and 
many  not  generally  known  to  be  such.  I  have  seen  the  *'  exposers  "  such 
as  Garbonell,  have  spent  hours  with  them  at  a  time  in  private,  and  witnessed 
their  modus  operandi,  have  seen  excellent  imitations,  as  I  have  also  of  green- 
backs, but  an  expert  can  readily  see  and  explain  the  diif erence.  Have  often 
had  such  mediums  as  Foster  and  Read  try  to  play  tricks  upon  me,  at  the 
same  time  have  seen  things  that  trickery  could  not  accomplish.  I  have  wit- 
nessed the  most  of  the  various  kinds  of  manifestations  aescribed  by  K.  T>. 
Owen,  and  others  he  has  not  described  ;  mind-reading  will  account  for  Mans- 
field's letter  answering,  and  some  other  mysteries,  but  there  is  something 
deeper  and  beyond.  It  is  singular  that  a  people  so  boastful  of  intelligence 
should  be  so  shy  of  investigations  outside  of  Congress.  The  following  letter 
to  the  N.  Y.  Graphic  displays  more  true  manhood  than  is  generally  to  be 
met  with  in  regard  to  the  subject. 

Elmira,  K.  Y.,  November  H,  1874. 

Gbntlumen  :  Tour  circular  indicates  a  most  reasonable  request.  It  is  indeed  a 
burning  shame  that  men  called  scientific  and  investigators  shonld  be  9o  hopelessly  ma- 
terialistic that  they  will  not  look  towards  the  only  windows  through  which  the  twiliKht 
of  a  great  dif«covery  is  now  shining. 

Thirty  years  ago  I  would  have  sacrificed  everything  to  undertake,  without  encour- 
agement, the  work  to  which  you  now  invite  me  and  others.  But,  as  matters  now  stand, 
I  have  not  the  time  or  strength  to  do  the  work  ;  and  had  I  both,  my  standing  is  not 
such  among  men  of  science  that  discoveries  made  by  me,  however  nnportant.  could 
even  arrest  attention,  much  less  command  respect. 

Profoundly  distrustful  of  much  that  honest  but  untrained  men  tell  us  as  to  spiritual 
manifestations,  it  yet^  remains  that  where  there  is  so  much  smoke  of  notoriety  there 
must  be  some  fire  of  fact.  How  much  let  him  declare  whom  you  succeed  in  pressing 
into  your  service  as  investigator  and  reporter.  Sincerely  regretting  that  I  cannot  oe 
tlie  man,  I  remain  very  truly  yours,  Thos.  K.  Beechrr. 

If  people  in  general  were  candid  thinkers,  like  Mr.  Beecher,  we  might 
hope  for  a  speedy  solution  of  the  matter,  but,  unfortunately,  the  majority 
take  their  opinion  second-handed,  while  the  balance  divide  into  two  parties, 
seemingly  running  in  opposite  directions,  but  in  seeming  only.  The  one  be- 
lieve everything,  the  other  nothing ;  the  leaders  of  the  first,  with  heads 
shaped  like  a  pineapple  cheese,  or  perhaps  more  on  the  shed  roof  style,  the 
slope  being  such  that  one  is  left  in  doubt  whether  the  forehead  extends  to 
the  crown  of  the  head,  or  the  top  of  the  head  reaches  down  to  the  eyes  ; 
these  swear  by  the  Banner  of  Light ;  their  followers  are  expected  to  swallow 
mountains  or  mites  ;  mediums  by  such  are  spoken  of  as  "  too  sensitive  for 
ordinary  treatment,"  "heaven  borned,"  "of  the  angels,"  etc.,  etc.  (while 
in  fact,  as  a  general  thine,  public  mediums  are  lazy  sensualists,  generally 
acting  the  part  of  Harold  Skimpole,  and  never  foraetting  to  take  the  "  Yy- 
punnote  "),  and  a  SQor©  of  that  uk  are  cancerous  ezcre- 
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tions  of  the  cause.  The  other  party  simply  panders  to  popular  prejudice, 
and  naturally  gravitates  toward  the  Scientific  jimerieon^  a  fair  offset  to  the 
Banner  of  lAght^  the  one  certainly  knowing  as  much  of  spirits  as  the  other 
does  of  science.  The  writers  of  this  party  are  generally  nicely  bespectacled 
young  men  with  weak  eyes,  knees,  and  heads,  and  considerable  alphabet 
tailed  on  to  their  address,  with  a  strong  flavor  of  the  apo^ecary  appren- 
tice about  them.  The  organ  of  this  party  has  just  been  handed  to  me,  and 
in  it  the  announcement  is  Kravely  made  that  the  manifestations  called  ma- 
terializations were  invented  by  one  Gordon,  of  New  York,  about  two  years 
since  (don't  state  whether  he  patented  them  through  that  agency  or  not). 
The  materializations  were  common  ten  years  since,  and  it  was  in  answer  to 
a  request  that  he  would  witness  them,  that  the  following  letter  was  written, 

BosTon,  November  28. 186B. 
Jambs  Ekebson,  Lowell,  Hass.  : 

Dear  Sir:— I  hope  I  Rhall  find  time  sooner  or  later  to  attend  some  of  the  best  manaiied 
so-called  **  spiritual "  KOMcet,  but  just  now  I  am  too  much  occupied  to  do  anything 
more  than  listen  to  the  wonderful  stories  you  are  told  about  them. 

roiurs,  in  haste,  O.  W.  Holmxs. 

It  is  often  asserted  that  if  one  commences  to  investigate  the  so-called  man- 
ifestations, he  soon  becomes  infatuated,  and  a  believer.  Well,  suppose  the 
discovery  of  a  gold  mine  to  be  announced,  do  experts  ever  delve  in  a^'salted'* 
mine  twenty-iive  years  ?  If  the  assertion  is  true  it  would  rather  seem  to 
favor  the  idea  that  there  is  something  to  become  infatuated  with,  but  per- 
sons are  often  credited  with  being  what  they  are  not,  as  will  be  seen  by  this 
letter. 

20  MOKNINOTOK  BD.,  LoKDON,  N.  W.,\ 

AU«.  19, 1872.  / 

Jaxks  Embkson  : 

DsoTiSir:— Lour  traveling  about  on  business  has  prevented  me  from  previously  ao 
knowledgtngthereceiptofyourmostinteiestinff  letter  slvinf  an  account  of  some  phe- 
nomena you  have  witnessed  in  the  presence  of  Dr.  Slaae.  After  the  very  extraordinary 
things  you  have  seen,  I  am  particularly  struck  with  what  you  state  your  opimon  to  be 
—viz.  :  that  the  "  Spirit  World  "  has  nothing  to  do  with  them,  but  that  the  phenomena 
belong  to  our  physical  bodies.  If  you  could  explain  what  you  have  stated  to  me,  and 
could  give  me  the  reasons  which  cause  you  to  think  that  the  exertion  of  force  (not  that 
of  the  medium  physically)  and  the  writing  of  messages  by  a  piece  of  pencil  not  held  in 
a  human  hand,  are  connected  with  our  physical  bodyand  not  with  invisible,  independ- 
ent, intelligent  beings,  I  should  be  very  pleased.  The  latter  oi^on  is  the  one  most 
(generally  held  by  those  who  have  studied  the  phenomena  here.  For  myself,  I  confess  I 
do  not  go  as  far  as  some,  and  until  1  can  get  good  proofs  of  identity  I  prefer  to  keep  to 
the  "  force  "  only,  for  there  I  am  safe.  With  many  thanks  for  your  polite  attention, 
believe  me  very  sincerely  yours,  Wiluam  Crooks. 

It  would  be  impossible  for  me  to  explain  fully,  why  I  believe  the  manifes- 
tations to  be  of  physical  orispn,  but  such  ever  has  been,  and  continues  to  be. 
my  opinion  ;  there  is  a  la^  of  connection  as  well  as  an  earHiiness,  that 
seems  to  locate  them  with  ourselves,  but  for  all  that,  there  is  ground  for  the 
spiritual  claim  ;  the  water  of  a  river  partakes  of  the  soil  through  which  it 
flows,  but  remains  water  for  all  that.  The  manifestations  partiuce  of  their 
earthly  surroundings.  P.  H.  Vander  Wyede,  through  Scientific  American, 
says  the  manifestations  are  silly  ;  one  has  but  to  read  one  of  his  articles  to 
see  why  he  finds  them  so.  Dr.  Hammond  published  an  article  in  which  he 
pronounced  them  to  be  the  result  of  trickery  ;  his  career  while  Surgeon- 
General  will  perhaps  account  for  his  belief,  but  enough  of  such.  The  weak 
minded  are  credited  with  being  the  most  interested  m  such  matters,  but  in 
all  the  seances  with  which  I  have  had  to  do,  either  public  or  private,  there 
has  never  been  any  trouble  in  filling  the  house  with  the  best  mecnanics 
known,  mill  agents,  school  superintendents  and  teachers,  doctors,  lawyers, 
ministers,  members  of  Congress,  etc.,  etc.  The  belief  of  the  better  class  of 
spiritualists  is  substantially  that  taught  by  Jesus  of  Nazareth,  and  it  is  sin- 
gular that  a  belief  so  sensible  and  beautiful  has  not  produced  a  literature  to 
correspond.  That  such  is  not  the  case  is  probably  owing  to  the  fact  that  the 
best  minds  tinged  with  that  belief  feel  that  more  good  can  be  done  through 
the  liberal  religious  movement,  which  may  be  the  case,  but  it  leaves  the  cause 
of  Spiritualism  in  the  care  of  those  who  have  done  it  little  credit,  and  at  the 
close  of  a  quarter  of  a  century  there  is  not  a  paper  published  in  that  interest 
that  a  gentleman  would  care  to  be  seen  reading  in  car  or  hotel.  Watching 
the  falling  of  an  apple,  the  rattling  tea-kettle  cover,  or  flying  a  kite,  were 
perhaps  not  the  most  dignified  of  employments,  but  the  results  have  reTolUr 


iM\ai  imponancB,  but  bclleting  ibeui  iip  bo  •>{  f.oA.  or  nature,  u  (he  reader 
ohooMe.andthaltlieyiuay  be  maiieustlul,  I  ai  least  shall  do  «lut  H  in  roy 

POPULAR  SCIENCE. 

Dnilna  our  war  of  rebellion  Ihe  IJaa  became  pre»alBnl  that  our  flunkytam 
relatlTe  M  Englleh  opinion  wuuld  be  cured  ;  and  such  mi|[hc  hare  been  the 
ease  had  It  n<rt  been  (or  agreat  change  Lii  the  mauageuient  of  our  loading  pa- 
pers, Preriou*  to  the  war,  writen  of  age,  talent,  and  eiperienoe  were  am- 
plaied  thereou  ;  now,  through  motiveB  of  eoonoiny,  hoys  take  the  plaoe  o( 
sueh  Theforin«riieT«rmioled  the  Scti«i(t/lc^m*ricaTi  as  authority,  in  faol, 
never  quoted  it  at  all.  The  buy  writers  swallow  its  wonderful  stalemeiiU 
'  nnqueslioned  ;  while  our  local  editor,  with  his  three  hundred  sutworiben), 
made  up  of  those  who  adyertiie  '■  pull-buck^,"  ccdflsh,  liu-ware  and  skillets. 

PilllcShlshstinreTerenee,  asheeatehesslghtot  a"New  IMsootery,"  by 
rof.  Tyndall,  or  "  The  Mystery  Solved '■  bylTof.  Carpenter  ;  though  were 
he  a  reader  and  thinker,  be  would  readily  recognize  the  (act  that  both  dis- 
covery and  solution  were  old  a  hundred  years  ago.  I>50k  at  the  following 
fresh  from  the  press,  and  which  fairly  represents  Mr.  Tyndall  as  a  sefenttsi. 

Vrsib  DlKOTery  and  F 


:Ted,"unUouiii»3  inaikB, hi  nanyauK "of "i 

-aied  incidenuUy  In  Ok  enmlBHits  wlih  g\ 

This  "  Fresh  Discovery"  was  a  part  of  the  stock  In  trade  nf  a  gassy  lect- 
urer, named  Boynton,  who  traveled  the  country  some  thirly  years  sinee. 
He  elaborated  it,  however,  by  adding  that  the  "average  laborer  consumes 
fourteen  ounces  of  carbon  per  day,  and  fourteen  ounces  of  carbon,  consnmed 
by  a  man  or  a  steam  engine,  will  lirt  the  name  weight  of  brick  to  a  given 
height."  The  Btatameni  was  repeated  by  myself  to  an  old  physician,  then  of 
Woroeatcr,  Mass.    "  Humph  !  "  was  his  rejoinder,  "  heard  that  in  lectures  at 

he  announced  that  he  had  discovered  that  heat  moves  in  waves.  That  fact 
was  a  theme  for  angry  dlBonsslon  among  stove  builders  a  half  century  since  ; 
a  portion  favoring  the  use  of  sheet  iron  because  its  "  fleiibillty  caused  It  [o 
tiirowoH  heat  in  more  rapid  waves  than  could  be  possible  wlili  its  more 
rigid  competitor,  cast  iron."  That  heat  mores  In  waves  is  a  fact  that  has 
been  perceptible  since  hot  surfaces  eiinted.  Thie  discovery  by  Mr.  Tyndall 
was  soon  followed  by  th- •  •'■- •  •■"  '■"•'  -'--  ■"- •'  "-- ■ 


which  could  hardly  seem  new  to  any  ene  who  ever 
saw  meuniuiu,  leii  me  <raves  of  an  earthquake,  or  who,  as  a  boy.  ever  gave 
the  end  of  s  long  rope  a  flip,  thus  causing  a  wave  to  run  Its  whole  length. 


_., ._ r,  who  bae  watched  the  flight    .  .  ,. , 

doubts  ss  to  the  Invariable  applicability  of  the  rule.    Not  long 
eilitor  of  the  Scimtii^  .:4fn(rtcaii  urged  the  substitution  of  death 


applicability  o 
-■--1  urged  the  sub 
cently  stating  tl 


rhanalne;   innocent! 

jiperimBnting,  wasknoolied  senseless  by  asho.    . _.,  ._ . 

idthe  fact  thatit  didn't  hurt,  thus  adding  another  to  his  etaaracter- 
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istlc  discoveries.  Mr.  Tyndall  is  probably  more  generally  known  through 
his  **  Prayer  Gauge  "  proposition,  than  in  any  otber  way ;  but  in  this  he  re- 
tained his  consistency.  It  would  be  difficult  to  find  a  boT  of  ten  who  has  not 
heard  very  positive  doubts  expressed  as  to  the  efficacy  of  prayer  ;  and  such 
doubts  have  been  expressed  by  writers  for  more  than  two  thousand  years. 
"  Can  the  Ethiopian  change  his  skin  or  the  leopard  his  spots/'  is  plain 
enough.  Franklin  was  equally  plain  when  he  suggested  that  it  would  save 
time  and  answer  the  same  purpose  to  ask  a  blessing  over  the  food  in  the  lump, 
when  it  was  housed  in  the  fall,  as  to  do  it  at  each  meal  daily.  Paine  in  his 
"  Age  of  Reason,"  Allen  in  his  '*  Oracles  of  Reason,"  and  many  other  writers 
have  done  the  same.  Yet  it  is  hardly  likely  that  any  observant  person  has 
doubted  the  benefit  of  prayer  to  the  petitioner,  but  merely  that  the  Creator 
is  unlikely  to  change  his  laws  at  the  solicitation  of  individuals.  A  wish  is  a 
prayer.  To  *'  cry  "  is  to  pray.  The  new  born  child  utters  its  first  prayer 
MTith  its  first  breath,  and  probably  with  about  the  same  consciousness  of  its 
real  needs  as  have  those  who  make  the  most  show  of  praying.  Plato,  or 
one  of  his  friends,  once  remarked :  "It  would  be  well  to  hesitate  before 
praying,  as  the  gods  might  answer  the  prayer."  We  may  readily  conceive 
that  things  would  become  somewhat  tangled,  if  the  prayers,  even  of  a  single 
Sunday,  were  all  granted  Prayer,  or  striving  with  a  matter,  brines  recon- 
ciliation with  the  existing  conditions.  Moulton  showed  himself  to  be  a  close 
observer,  when  he  concluded  to  let  "  Theodore  write  himself  out,"  before 
trying  to  stop  his  proceedings.  Every  woman  feels  better  after  she  has  had 
her  *'  good  cry."  We  all  pray ;  quite  likely  Brother  Seventhly  would  not 
consider  our  prayers  orthodox,  but  that  is  not  important.  What  is  needed  is 
to  be  more  real,  more  self-dependent.  Superficial  characters  like  Tyndall 
are  soon  forgotten.  Look  back  twenty-five  years,  and  learn  how  quickly  noted 
individuals,  who  have  no  real  claim  upon  humanity,  pass  from  memory. 
Twenty-five  years  ago  there  was  a  very  popular  man,  named  Pdward  Kverett, 
who  went  toodling  round  the  country,  very  much  in  the  style  of  Tyndall : 
that  is,  with  many  words  and  but  few  ideas.  Scarce  ten  years  have  itassed 
since  his  death,  yet  he  is  nearly  forgotten,  and  is  sure  to  be  entirely  so  when 
the  generation  in  which  he  lived  has  passed  away.  Twenty-five  years  ago 
the  names  of  John  Brown  and  Abraham  Lincoln  were  far  less  familiar  than 
they  are  likely  to  be  centuries  hence.  Twenty-five  years  ago  the  Tribune 
was  edited  by  a  man,  and  though  issued  from  an  unnoticeable,  dingy,  old 
building,  every  one  was  asking :  "  What  does  the  Trilnme,  or  what  does 
Greeley  say  ?  "  Now,  edited  by  a  sort  of  Tyndall,  and  advertised  by  its  tower- 
ing steeple,  that  rises  from  a  base  as  narrow  and  as  fiery  as  aCalvinist'screed, 
there  are  none  so  weak  as  to  ask  or  care  what  is  said  l>y  it  or  its  editor.  There 
is  hardly  a  person  in  the  country,  of  ordinary  intelligence,  who  would  be  at 
a  loss  for  a  reply,  if  asked  to  give  a  reason  wny  the  memory  of  Franklin  is 
still  fresh  and  respected  ;  yet  not  one  in  ten  thousand  of  the  i>ersons  who 
would  be  influenced  thereby  could  give  any  reason  why  the  opinions  of  Profs. 
Tyndall  or  Carpenter  should  have  any  weight  in  this  country.  It  is  said 
these  two  persons  court  the  society  of  Mrs.  Lewes,  which  is  likely  to  be  the 
case,  for  these  gentlemen  are  very  anxious  to  shine,  even  if  they  have  to  do 
so  by  the  borrowed  light  from  a  woman.  And  it  has  recently  been  in  order 
for  flunkydom,  to  glorify  the  authoress  of  "  Daniel  Deronda  "  ;  but  if  any  mor- 
tal can  tell  why,  1,  for  one,  would  be  glad  to  learn.  I  have  toorked  my  way 
through  the  book  twice,  but  the  opinion  still  continues  with  me,  that  it  is  a 
mess  of  garrulous  twaddle,  and  deserves  to  sink  as  it  has  into  oblivion. 
Gwendolen,  like  other  prostitutes,  sells  herself  for  a  consideration,  then  is  too 
shallow  either  to  accept  the  situation  or  to  fight  it  out.  Daniel  Deronda^ 
though  young,  has  the  wisdom  of  a  Solomon,  and  is  as  passionless  as  was  old 
David  in  his  dotsge.  Faugh  !  What  a  world  this  would  be  if  filled  with 
Daniel  Derondas  !  There  is  one  point,  however,  in  which  the  work  should 
be  useful  to  us,  namely  :  If  the  most  intelligent  classes  of  England  arc  so 
far  back  in  barbarism  in  relation  to  the  standing  of  woman,  as  indicated  by 
that  work  and  Reade's  '*  Woman  Hater,"  then  this  country  certainly  has  no 
call  to  go  there  for  information  upon  any  subject  whatever,  or  to  be  tickled 
by  the  second  hand  clap-trap  that  is  published  in  the  Science  MontMy  over 
th^  signatures  of  such  scientists  as  Tyndall  and  Carpenter. 
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Midnight  Mnsings. 

BY  WABHINOTON  UtYISQ. 

I  am  now  alone  in  my  chamber.  The  family  haye  long  sinoe  retired.  I 
hare  heard  their  steps  die  away,  and  the  doors  clap  to  after  them.  Hie 
murmur  of  voices  and  the  peal  of  remote  laughter  no  longer  reach  the  ear. 
The  clock  from  the  church,  in  which  so  many  of  the  former  inhabitants  of 
this  house  lie  buried,  has  cnimed  the  awful  hour  of  midnight. 

I  have  sat  by  the  window,  and  mused  upon  the  dusky  landscape,  watching 
the  lights  disappearing  one  by  one  from  the  distant  village  ;  and  the  moon, 
rising  in  her  silent  majesty,  and  leading  up  all  the  silver  pomp  of  heaven. 
As  I  have  gazed  upon  these  quiet  groves  and  shadowing  lawns,  silvered  OTer 
and  imperfectly  lighted  by  streaks  of  dewy  moonshine,  my  mind  has  been 
crowded  by  "  thick  coming  fancies  "  concerning  those  spiritual  beings  which 

**  Walk  the  cartb 
Unseen  both  when  we  wake  suid  when  we  sleep." 

Are  there,  indeed,  such  beings  ?  Is  this  space  between  us  and  the  Deit^ 
filled  up  by  innumerable  orders  of  spiritual  beings,  forming  the  same  grada- 
tions between  the  human  soul  and  divine  perfection  that  we  see  prevailins 
from  humanity  down  to  the  meanest  insect  ?  It  is  a  sublime  and  beautif  m 
doctrine  inculcated  by  the  early  fathers,  that  there  are  guardian  angels  ap- 
pointed to  watch  over  cities  and  nations,  to  take  care  of  good  men,  and  to 
guard  and  guide  the  steps  of  helpless  infancy.  Even  the  doctrine  of  departed 
spirits  returning  to  visit  the  scenes  and  beings  which  were  dear  to  them  dur- 
ing the  bodies'  existence,  though  it  has  been  debased  by  the  absurd  supersti- 
tions of  the  vulgar,  in  itself  is  awfully  solemn  and  sublime. 

However  lightly  it  may  be  ridiculed,  yet  the  attention  involuntarily  yielded 
to  it  whenever  it  is  made  the  subject  of  serious  discussion,  and  its  prevalence 
in  all  ages  and  countries,  even  among  newly  discovered  nations  that  have  had 
no  preinous  interchange  of  thought  with  other  parts  of  the  world,  prove  it  to 
be  one  of  those  mysterious  and  instinctive  beliefs,  to  which,  if  left  to  our- 
selves, we  should  naturally  incline. 

In  spite  of  all  the  pride  of  reason  and  philosophy,  a  vague  doubt  will  still 
lurk  in  the  mind,  and  perhaps  will  never  be  eradicated,  as  it  is  a  matter  ^at 
does  not  admit  of  positive  demonstration.  Who  yet  has  been  able  to  compre- 
hend and  describe  the  nature  of  the  soul ;  its  mysterious  connection  wi^  the 
body  ;  or  in  what  part  of  the  frame  it  is  situated  ?  We  know  merely  that  it 
does  exist ;  but  whence  it  came,  and  when  it  entered  into  us,  and  how  it  is  re- 
tained, and  where  it  is  seated,  and  how  it  operates,  are  all  matters  of  mere 
speculation,  and  contradictory  theories.  If,  then,  we  are  thus  ienorant  of 
this  spiritual  essence,  even  while  it  forms  a  part  of  ourselves,  and  is  contin- 
ually present  to  our  consciousness,  how  can  we  pretend  to  ascisrtain  or  deny 
its  powers  and  operations,  when  released  from  its  fleshly  prison-house? 

Everything  connected  with  our  spiritual  nature  is  full  of  doubt  and  diffi- 
culty. "We  are  fearfully  and  wonderfully  made;"  we  are  surrounded  by 
mysteries,  and  we  are  mysteries  even  to  ourselves.  It  is  more  the  manner  in 
which  this  superstition  has  been  degraded,  than  its  intrinsic  absurdity,  that 
has  brought  it  into  contempt.  Raise  it  above  the  frivolous  purposes  to 
which  it  has  been  applied,  strip  it  of  the  gloom  and  horror  with  which  it  has 
been  enveloped,  and  there  is  none,  in  the  whole  circle  of  visionary  creeds, 
that  could  more  delightfully  elevate  the  imagination,  or  more  tenderly  af- 
fect the  heart.  It  would  become  a  sovereign  comfort  at  the  bed  of  death, 
soothing  the  bitter  tear  wrung  from  us  by  the  agony  of  mortal  separation. 

What  could  be  more  consoling  than  the  idea  that  the  souls  of  those  we 
once  loved  were  permitted  to  return  and  watch  over  our  welfare  ? — that  af- 
fectionate and  guardian  spirits  sat  by  our  pillows  when  we  slept,  keeping  a 
vigil  over  our  most  helpless  hours  ?— that  beauty  and  innocence,  which  had 
languished  into  the  tomb,  yet  smiled  unseen  around  us,  revealing  themselves 
in  those  blest  dreams  wherein  we  live  over  aeain  the  hours  of  past  endear- 
ments ?  A  belief  of  this  kind  would,  I  should  think,  be  a  new  incentive  to 
virtue,  rendering  us  circumspect,  even  in  our  most  secret  moments,  from  the 
idea  that  those  we  once  loved  and  honored  were  invisible  witnesses  of  fdl  our 
actions. 
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It  would  take  away,  too,  from  that  loneliness  and  destltntion  which  we 
are  apt  to  feel  more  and  more  as  we  get  on  in  our  pilgrimage  through  the 
wlldemess  of  this  world  and  find  that  those  who  set  forwara  with  us  loy- 
inely  and  cheerily  on  the  journey  have  one  hy  one  dropped  away  from  our 
side.  Place  the  superstition  in  this  light,  and  1  confess  1  should  like  to  be 
a  belierer  in  it.  I  see  nothing  in  it  that  is  incompatible  with  the  tender  and 
merciful  nature  of  our  religion,  or  revolting  to  the  wishes  and  affections  of 
the  heart. 

There  are  departed  beings  that  I  have  loved  as  I  never  again  shall  love  in 
this  world  ;  that  have  loved  me  as  I  never  again  shall  be  loved.  If  such  be- 
ings do  even  retain  in  their  blessed  spheres  the  attachments  which  they  felt 
on  earth  ;  if  they  take  an  interest  in  the  poor  concerns  of  transient  mortal- 
ity, and  are  permitted  to  hold  communion  with  those  whom  they  have  loved 
on  earth,  I  feel  as  if  now,  at  this  deep  hour  of  night,  in  this  silence  and  soli- 
tude, I  could  receive  their  visitation  with  the  most  solemn  but  unalloyed 
deUght. 

In  truth,  such  visitations  would  be  too  happy  for  this  world ;  they  would 
take  away  from  the  bounds  and  barriers  that  hem  us  in  and  keep  us  from 
each  other.  Our  existence  is  doomed  to  be  made  up  of  transient  embraces 
and  long  separations.  The  most  intimate  friendship— for  what  brief  and 
scattered  portions  of  time  does  it  exist !  We  take  each  other  by  the  hand  ; 
and  we  exchange  a  few  words  and  looks  of  kindness  ;  and  we  rejoice  together 
for  a  few  short  moments  ;  and  then  days,  months,  years  intervene,  and  we 
have  no  intercourse  with  each  other.  Or,  if  we  dwell  together  for  a  season, 
the  grave  soon  closes  its  gates,  and  cuts  off  all  further  communion  ;  and  our 
spirits  must  remain  in  separation  and  widowhood,  until  they  meet  asain  in 
that  more  perfect  state  of  being,  where  soul  shall  dwell  with  soul,  and  there 
shall  be  no  such  thing  as  death,  or  absence,  or  any  other  interruption  of  our 
union. 

The  foregoing  is  taken  from  one  of  our  school  books  that  has  continued  in 
use  for  more  than  fifty  years,  which  would  seem  to  warrant  its  popularity.  It 
expresses  my  own  views  so  perfectly,  that  it  is  republished  as  an  introductory 
to  remarks  ui)On  the  modern  phase  of  the  same  subject.  It  is  now  generally 
admitted  by  the  intelligent,  that  whether  the  belief  in  spirit  communion  is 
or  is  not  well  founded,  at  least  there  are  strange  phenomena  connected 
therewith  that  demand  investigation.  At  the  same  time  there  is  a  shallow, 
iffnorant,  loud-mouthed  class  that  derides  every  attempt  to  solve  the  mystery. 
The  press  pander  to  this  class  in  order  to  become  popular  therewith,  or  through 
natural  stupidity.  The  first  is  well  represented  in  the  Springfield  Republican, 
which  is  racy,  full  of  gossip,  but  every  article  seems  written  in  a  style  to  ren- 
der it  applicable  at  any  time  to  the  side  then  the  most  popular.  The  influence 
gained  by  such  a  course  seems  to  be  made  plain  in  the  fact,  that  at  the  deter- 
mination of  any  public  matter  that  paper,  almost  invariably,  stands  on  the 
losing  side.  Its  neighbor,  the  Union,  seems  to  fill  the  other  position.  Servile 
as  a  partisan,  dumb  with  astonishment  at  the  announcement  of  any  "  wonder- 
ful discovery  "  at  a  distance ;  but  implacably  hostile  to  anything  near  by 
that  is  out  of  the  beaten  track,  though  it  may  be  readily  verified  by  personal 
observation.  Perhaps  a  "little  story"  will  best  illustrate.  In  my  young 
days,  a  neighbor  of  my  father  had  a  ram  of  such  combative  propensities  that 
he  was  kept  in  a  small  enclosure  surrounded  by  a  granite  wall.  It  was  soon 
understood  that,  before  making  a  charge,  he  took  aim,  then  closed  his  eyes  and 
went  it  blind  ;  so  that  it  was  fun  to  drop  inside,  make  a  few  *'  Masonic  passes," 
then  look  out  for  the  rush  that  was  sure  to  follow,  when  prudence  dictated  a 
flank  movement  and  the  ram  would  bring  up  against  the  wall,  the  contact 
having  as  little  tendency  to  demolish  the  granite  as  to  enlighten  the  ram. 
But  the  strong  points  of  the  editors  of  such  papers  are  yearly  described  in  the 
stock  reports  of  our  cattle  shows,  and  it  is  useless  to  waste  space  upon  them 
here.  From  my  earliest  childhood  I  have  had  an  intense  desire  to  learn  the 
why  of  any  seeming  mystery,  and  I  believe  that  it  is  not  only  the  right,  but 
it  is  the  positive  duty  of  every  human  being  to  take  every  possible  opportunity 
to  do  so.  I  have  never  had  any  desire  to  invent  "  perpetual  motion/'  or 
seek  buried  treasures ;  but  my  wanderings  and  investigating  habits  nave 
made  me  slow  to  limit  the  possibilities.  "  Table  tippings  *'  seem  contrary  to 
the  laws  of  gravitation,  but  when  certified  to  by  so  many  they  deserve  con- 
sideration, l^cause  they  have  a  bearing  upon  evidence  in  general.    Millions 
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of  liyes  haTe'  been  sworn  away  upon  the  tithe  of  evidence  that  can  be  pro- 
duced in  proof  of  the  verity  of  spirit  communion.  '*  It  is  eleotricitv  !  *'  shouts 
Mr.  Shallow.  Very  likely,  but  what  then  ?  What  is  electricity  ?  Suppose 
some  traveler,  out  of  breath,  should  rush  into  the  studv  of  Prof.  Suoodinks, 
who  has  calmly  settled  down  upon  this  electricity  hypotnesis,  shouting  :  *<  Sir, 
rir !  I  have  been  traveling  in  the  East  for  live  years  to  find  out  about  the 
marks  that  were  placed  upon  the  ancient  structures,  and  have  discovered  all 
about  them."  ** Olorious,"  answered  Snoodinks,  "let  us  hear,  quick ! " 
**  Why,  they  are  letters  or  words,"  says  our  discoverer.  Imagine  SnoodHnks' 
look  of  disffust,  as  he  exclaims  :  "  Why,  you  infernal  donkey,  have  you  been 
traveling  five  years  to  find  out  what  everybody  else  knew  ?  It  is  not  what 
they  are.  but  what  they  mean,  that  is  wanted."  So  of  the  phenomena  con- 
nected with  spiritualism.  I  have  seen  tables  walk  up  and  down  stairs,  around 
the  house,  give  communications,  etc.,  etc.  *'0,  you  were  mesmerized." 
Possibly,  but  if  mesmeriseed  in  this,  why  not  in  other  matters  ?  What  value  is 
there  in  evidence  ?  This  matter  has  a  very  important  bearing  in  the  every-day 
affairs  of  this  life,  and  the  judge  or  juror  who  fails  to  improve  every  oppor- 
tunity to  gain  information  upon  the  phase  of  our  system  that  may  have  such 
an  important  influence,  in  my  opinion,  is  criminally  negligent ;  and  a  doctor 
who  neglects  to  inform  hiniseu  upon  the  matter  may  well  turn  back  to 
Hippocrates  for  information,  and  it  will  depend  more  upon  luck  than  his  skill 
if  seventeen  out  of  forty-two  of  his  patients  recover,  as  was  the  case  with 
Hippocrates.  My  study  of  the  subject  has  had  more  to  do  with  its  physical 
than  spiritual  bearing,  still  I  have  studied  the  latter  suificiently  to  know 
that  it  offers  the  best  evidence  extant,  that  this  life  is  but  a  prelude  to  an- 
other. It  seems  strange  to  me  that  Brother  Nehemiah  cannot  see  that  iu 
denouncing  spiritualism  he  is  only  injuring  his  own  cause,  and  is  only  hasten- 
ing the  time  when  his  hearers  will  become  confirmed  materialists.  Only 
his  conceited  blindness  prevents  him  from  seeing  that  the  lady  who  is  so  atten- 
tive, while  he  is  sniveling  and  declaiming  in  his  weak  way,  is  only  looking  at 
some  other  lady*s  "  pull-back,"  with  thelntention  of  copying  or  criticising  it ; 
she  neither  knows  nor  cares  anything  about  what  he  is  saying.  She  goes  to 
meeting  from  habit,  and  to  show  her  own  or  to  see  how  others  are  dressed. 

Let  her  lose  her  loved  ones,  then  his  twaddle  becomes  husks,  and  she 
seeks  more  tangible  evidence  of  an  hereafter  where  she  shall  meet  them 
again.  Were  he  of  even  average  intellect  he  would  respect  the  sorrows  of 
such  ;  his  devil  theory  denotes  his  caliber,  and  is  just  suitable  for  grannies  in 
breeches.  After  twenty  years  and  more  of  investigation,  I  cannot  accept  the 
spiritual  theory  as  a  solution  of  the  mysterv,  though  it  may  prove  much  that 
is  claimed  by  the  spiritualists,  and  I  think  it  does,  but  it  is  a  broader  matter, 
it  covers  our  life  here.  If  it  is  electricity,  it  is  time  to  try  and  find  out  what 
electricity  is.  It  has  happened  that  for  more  than  a  year  past  I  have  had  this 
power  in  my  own  family,  and  have  had  a  chance  to  study  it  at  leisure,  not  in 
the  d  irk  particularly  but  in  any  of  the  twenty-four  hours  of  the  day.  To  mc 
it  seems  to  be  our  life  that  flows  through  our  body  operating  it  as  a  river  oper- 
ates a  mill.  The  mill  or  the  body  may  decay  but  this  power  or  the  rif  er  flow% 
on  forever.  We  have  abundance  of  communications  which  are  quite  as  likely 
to  purport  to  come  from  those  who  prove  to  be  living  as  from  those  who  have 
"gone  before."  We  are  not  mediums,  nor  do  we  exhibit  this  power  for 
money  or  to  the  merely  curious,  but  whenever  at  leisure  we  are  alwi^s  happy 
to  have  intelligent  aeeKers  call  for  the  purpose  of  witnessing  its  effect  and 
operation.  

TABLE  TIPPINGS. 

In  the  last  Issue  of  the  Reporter  the  fact  was  mentioned  that  for  months 
past  we  have  had  what  are  termed  Table  Tippingt  in  my  family.  The  state- 
ment attracted  more  attention  than  was  expected,  and  many  who  laughed  at 
the  matter  a  few  vears  since  have  expressed  a  desire  to  know  more  of  my  ex- 

Cnrienoe.  Qreat  indignation  is  often  expressed  by  the  believers  in  Spirltual- 
m.  because  scientists  do  not  investigate  the  manifestations,  but  that  is  not 
lo  e^sy  to  do  as  may  at  first  appear ;  peculiar  conditions  are  required  ;  then 
there  ure  few  public  mediums  willing  to  be  thoroughly  investigated :  bevoiid 
this,  real  scientists,  like  Franklin,  are  scarce.  He,  silly  man,  believed  in- 
vestigation should  jir3C9de  dooisioii ;  but  the  popular  scientists  of  to-day  are 
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BO  wise  that  anything  new  is  at  once  condemned.  If  facts  prove  them  to  be  In 
error,  they  damn  the /acts;  apian  that  saves  trouble,  but  one  unlikely  to  lead 
to  discoveries  of  importance.  Much  has  been  said  about  Agassiz's  refusal  to 
investigate  the  subject,  but  Mr.  Agassiz  was  simply  a  specialist,  puffed  up 
with  conceit  through  our  adulation.  That  he  was  a  weak-minded  man  is  evi- 
dent from  the  following  extract  taken  from  his  own  statement  :— 

EXPBKIBNGB  OF  PSOF.  AOASSIZ,  GlYEN  BY 

HiMSBLF  TO  Bey.  G.  U.  Towi^shbkd. 

'*  Desirous  of  knowingr  what  to  think  of  animal  magnetism,  I  for  a  long  time  soaght 
an  opportunity  of  making  some  experiments  in  regard  to  it  upon  myself,  so  as  to  avoid 
the  doubts  which  might  arise  on  the  nature  of  the  sensations  which  we  have  heard  de- 
scribed by  majenetized  persons.  M .  Desor,  yesterday,  in  a  visit  which  he  made  to 
Berne,  invited  Mr.  Towushend.who  had  previously  magnetized  him,  to  accompany  hhn 
to  Neuchatel  and  try  to  magnetize  me.  These  gentlemen  arrived  here  with  the  evening 
courier,  and  informed  me  of  their  arrival.  At  eight  o'clock  I  went  to  them.  We  con- 
tinued at  supper  till  half-past  nine  o'clock,  and  al)ont  ten  Mr.  Townehend  commenced 
operating  on  me.  While  we  sat  opposite  to  one  another,  he  in  the  first  place  only  took 
hold  of  my  hands  and  looked  at  me  fixedly.  I  was  firmly  resolved  to  arrive  at  a  knowl- 
edge of  the  truth, whatever  it  might  be  :  and  therefore  the  moment  I  saw  him  endeavor- 
ing to  exert  an  action  upon  me  1  silently  addressed  the  Author  of  all  things,  beseeching 
him  to  give  me  the  power  to  resist  the  influence. 

"AGASSIZ." 
Think  of  a  grown-up  man  praying  that  he  may  be  able  to  resist  the  proof 
of  a  fact ;  it  puts  one  in  mind  of  the  tramp  seeking  work,  and  praying  to  God 
that  he  may  not  find  it.  We  hear  too  much  of  men  who  have  gained  popu- 
larity through  the  puifine  of  those  who  wish  to  make  themselves  known 
thereby.  We  know  that  the  scientific  men  of  England  proved  the  impossi- 
bility of  tunnels  like  that  of  the  Thames,  of  railroads,  telegraphs  ;  in  fact 
the  impracticability  of  anything  new.  England  owes  her  greatness  to  her 
mechanics,  and  would  hardly  miss  them  if  her  whole  clique  of  popular  sci- 
entists should  emigrate.  What  do  we  know  of  the  abilities  of  such  men  as 
Huxley,  Tyndall,  and  Carpenter,  or  care  what  they  say  ?  We  see  millions  of 
foreigners,  and  as  a  mass  know  them  to  be  much  lower,  intellectually,  than 
our  own  people  ;  is  it  likely  that  countries  that  produce  so  much  ignorance, 
produce  the  greatest  thinkers  ?    See  what  an  Englishman  says :  — 

"  Not  only  in  oratory  is  the  American  the  superior  of  the  Englishman.  You  excel  us 
in  oysters,  in  com  bread,  in  sweet  potatoes,  in  canva.H-back  ducks,  and,  I  venture  to 
say,  in  kmdliness  and  hospitality.  In  intellect.  I  take  it,  we  are  about  level  ;  but 
doubt  whether  you  give  yours  full  play.  If  you  did,  you  would  depend  upon  your- 
selves."—-fi.  X.  Fmyeon'M  New  York  Speech. 

And  why  do  we  not  depend  upon  ourselves  ?  We  are  taxed  heavily  for 
schools  in  which  to  give  all  an  education.  Are  those  schools  a  failure  ?  If  so. 
is  it  not  time  that  Uie  howl  of  the  insatiate  teacher  for  more  pay  should 
cease  ?  Many  of  our  papers  assume  the  rdle  of  teacher,  but  their  writers  are 
usually  mere  machines  that  run  in  well  worn  ruts  ;  one  of  these  in  the 
Springfield  Republican  writes  substantially  as  follows  :  '*  Herbert  Spencer, 
probably  the  greatest  thinker  of  the  age,  expresses  the  opinion  that  the 
"  marriage  relation  of  to-day  is  not  likely  to  be  considered  desirable  in  the  not 
distant  future."  This  stale  idea  that  was  common  with  Lycurgus,  still  later 
with  Plato,  and  has  been  entertained  by  hundreds  of  communistic  societies, 
the  theme  of  innumerable  lectures  and  the  practice  of  the  Oneida  commu- 
nity for  forty  years,  is  given  as  proof  of  originality.  The  Republican  gushes 
with  adulation.  The  "  Great  Dr.  Hammond  "  is  one  of  its  superior  idols. 
Will  it  inform  its  readers  whether  the  said  Doctor  as  Surgeon  General  was 
ignominiously  expelled  from  the  army  ;  if  so,  is  his  assertion  that  Spiritual- 
ism is  a  humbug,  and  its  so-called  manifestations  the  result  of  trickery,  of 
any  account  when  placed  against  that  of  so  many  quite  as  intelligent  as  him- 
self who  believe  to  the  contrary  ?  It  is  easy  for  a  noisy  person  to  find  follow- 
ers, and  a  single  rowdy  will  make  more  noise  than  is  made  by  a  thousand 
intelligent  persons  ;  consequently,  it  is  no  proof  that  Spiritualism  is  unpopu- 
lar, because  a  few  ignorant  persons  shout  humbug.  The  one  witness  in  court 
that  swears  positively  to  have  seen  a  crime  committed  would  have  more 
weight  than  a  thousand  who  should  swear  that  they  did  not  see  it,  yet  it  is 
the  Ignorant  and  prejudiced  who  have  not  seen,  that  are  the  most  strenuous 
in  shoutine  humbug  in  relation  to  the  spiritual  manifestations.  Fifteen 
years  ago  the  professional  exposer  drew  full  houses  ;  now  he  soon  has  to 
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pawn  hlfl  traps  in  order  to  get  away  from  his  last  place  of  ezliibition.  One 
fact  that  is  open  to  i^l  should  attract  the  attention  of  the  intelligent ;  we 
know  that  snch  men  as  Sumner,  Beecher,  "Agasaiz  afRl  others  have  spent 
months  in  preparing  a  lecture  that  is  given  a  hundred  times,  vet  Cora  L.  V. 
Hatch,  that  troc,  who  is  certainly  not  remarkably  talented,  will  take  the  same 
subject  given  to  her  as  she  rises  to  speak,  and  give  as  polished  and  profound 
lecture  as  those  who  have  taken  months  to  prepare  it.  It  would  not  be  de- 
sirable to  have  any  one  believe  simply  because  others  do  so,  but  when  men 
like  Abraham  Lincoln,  William  H.  Seward,  and  others  of  the  same  abilities 
accept  Spiritualism  as  a  fact,  it  certainly  cannot  be  derogatory  to  those  who 
think  less  to  consider  the  subject  fairly.  My  attention  was  called  to  what 
were  termed  "  table  tippings  **  soon  after  the  Fox  sisters  made  their  debut, 
but  it  was  not  my  lot  to  meet  with  anything  of  the  kind  for  a  number  of 
years  that  caused  me  to  look  upon  the  subject  with  favor.  "  Table  tipping  " 
violated  the  law  of  gravitation,  and  my  faith  in  that  law  was  positive.  In 
1866,  Horatio,  William,  and  Mary  Eddy  were  at  my  house  in  Lowell,  Mass., 
five  days,  each  evening  giving  public  stances  to  large  audiences  in  Mechanics' 
Hall.  At  those  ezhibinons  the  laws  of  gravitation  and  cohesion  seemed  of 
little  account.  The  mediums  were  ironed  by  the  police,  but  it  made  no  dif- 
ference ;  hundreds  of  feet  of  cordage  were  used  in  tying  each  medium  sepa- 
rately, tiien  together,  to  staples  in  their  cabinet.  They  were  literally  wound 
over  as  a  woman  winds  a  rag  in  a  ball  of  yam,but  their  coats  would  be  taken 
off  from  under  all  of  this  cordage,  or  put  on  in  the  same  way  in  fifteen  sec- 
onds after  being  shut  into  their  cabinet.  Sewing  the  knots  made  no  differ- 
ence, for  the  cords  and  knots  were  invariably  the  same  throughout  the 
s6ance  as  when  first  tied.  I  have  had  much  experience  in  handling  cordage 
at  sea,  and  in  other  business,  and  have  tied  many  mediums,  but  so  far  have 
never  succeeded  in  tying  one  so  but  what  the  cords  would  come  oif  at  re- 

anest.  I  have  had  to  do  with  nearly  all  of  the  mediums  of  note  known  in 
lie  Eastern  States,  and  as  a  general  thing  have  not  had  cause  through  the 
acquaintance  to  respect  them,  and  have  often  wondered  why  such  remarka- 
ble gifts  are  given  to  such  low  characters :  but  the  beautiful  pond-Uly 
springs  from  the  slimy  depths  of  the  frog-pond.  I  have  spent  hours  in  pri- 
vate with  professional  exposers,  have  seen  excellent  imitations,  but  the  ob- 
server who  has  seen  the  real  and  imitation  and  cannot  see  the  difference 
must  be  dull  indeed.  There  would  be  no  lack  of  exposers  if  the  real  mediums 
eould  explain  the  modus  operandi,  for  there  are  few  of  the  noted  ones,  in 
my  opinion,  who  would  not  for  a  consideration  readily  act  as  such.  I  have 
witnessed  nearly  all  of  the  various  manifestations  that  have  been  described, 
and  shall  briefly  mention  a  few.  Sitting  with  Slade  in  New  York,tiie  slate 
was  not  held  up  against  the  table  but  a  foot  below.  /  saw  the  tpriting  €U  it 
weu  done,  each  letter  and  line,  but  no  liand  or  other  means  of  operating  the 
pencil  could  be  seen,  though  at  request  a  hand  was  twice  shown  above  the 
table,  seemingly  an  Indian  hand  ;  it  was  noon  and  the  sun  shining  on  the 
table  at  the  tmie.  While  the  writing  was  being  done  there  was  such  a  strain 
downwards  that  it  surprised  me  that  the  frame  was  not  stripped  from  the 
slate.  Watkins,  the  slate  writer,  probably  as  little  of  a  man  and  as  much  of 
a  medium  as  has  yet  been  developed,  was  at  my  home  a  week  ;  he  placed  a 
bit  of  pencil  upon  a  slate  and  then  turned  another  slate  of  the  same  size 
upon  the  first :  each  of  us  held  an  end  of  the  slates  together  ;  in  a  moment 
the  pencil  was  heard  to  move  as  though  writing  :  soon,  three  light  taps  were 
heard,  then  the  slates  were  pushed  toward  me,  Watkins  not  even  looking  at 
them  :  on  opening  them  the  following  message,  plainly  written,  was  found  : 
**My  dear  friend^  I  come  to  you  to  let  you  know  that  I  live.  Ansel  Cain.^*  Mr. 
Gain  was  not  an  intimate  friend  of  mine,  though  we  had  conversed  upon  the 
subject  of  Spiritualism,  and  he  had  given  me  the  impression  that  he  doubted 
a  future  existence,  though  he  evidently  desired  such.  The  communication 
was  copied  at  the  time,  as  were  the  following  which  were  given  itaamediately 
afterwards  :  "  My  dear  brother,  I  am  glcui  to  see  you  here  this  morning,  and 
hope  you  will  believe  that  this  is  me.  Moses  W.  E."  "My  dear  papa,  I  will 
eome  to  uou  again  some  day.  lam  happy,  so  is  mother,  Oodbless  you  all. 
Tour  lovtng  daughter,  Hattte.**  Of  the  source  of  the  communications  others 
may  judge.  That  they  came  as  stated,  I  know.  Numerous  communications 
of  a  similar  nature  were  received  by  myself  and  others  through  Mr.  Watkins 
while  he  was  at  my  house.  He  got  them  anywhere  that  he  made  theat- 
teiiq»t»  out  on  the  door  iteiw,  in  the  bushes.     I  saw  him  get  one  In  a  smok* 
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ing-car  on  the  Boston  and  Albany  lUdlroad.  The  oommunicationB  were  not 
always  of  a  spiritual  nature,  but  such  as  they  were,  any  one  that  would  pay 
could  haye  them,  and  considering  the  way  they  were  given  hardly  any  one 
mentally  higher  than  an  idiot  could  have  been  tricked  thereby.  Mrs.  Hun- 
toon  (Mary  £ddy)  was  invited  to  my  house  for  the  gratification  of  my  own 
family  and  special  friends.  Numerous  hands  and  faces  were  shown,  instru- 
ments were  played  upon,  then  passed  out  to  the  audience.  One  woman,  or 
form  of  a  woman,  came  out  into  the  room,  showed  her  night-cap  and  dress  of 
ancient  days,  then  voices,  shouts,  and  a  pistol  shot.  "Oh,  so  low!  "ex- 
claims the  high  toned.  Certainly,  they  have  always  been  so  ;  think  of  the 
frogs,  vermin,  turning  rods  into  snakes,  water  into  wine,  etc.  Yes,  but  why 
not  do  them  in  the  light  ?  Sure  enough,  why  was  the  earth  created  in  dark- 
ness ;  why  did  God  require  a  bush  as  a  cabinet' when  he  appeared  to  Moses, 
or  a  cloudy  pillar  at  the  door  of  the  'I'abernacle  ?  Wh>  did  the  angels  come 
to  Lot  in  the  evening,  or  release  the  Apostles  in  darkness  ?  The  Christian 
fabric  rests  upon  dreams  and  darkness  ;  the  veil  was  rent  and  saints  rose 
from  their  graves  in  the  dark  ;  the  Ascension  was  in  a  cloud  ;  a  kernel  of 
grain,  or  the  roots  of  a  tree,  require  darkness  from  which  to  produce  mani- 
festations of  growth  and  life  ;  the  body  commences  and  obtains  its  form  in 
darkness,  receives  the  spirit  or  life  in  darkness.  Is  it  strange  then  that  cer- 
tain phases  of  the  manifestations  require  darkness  ?  Only  the  shallow  minded 
will  be  surprised  at  the  fact.  After  our  stance  1  happened  into  the  kitchen 
where  1  found  Mrs.  Uuntoon  looking  around  that  part  of  the  room  where 
the  cabinet  had  stood  and  saying  to  herself,  ''  1  do  wish  1  could  find  where 
the  bullet  goes  to,"  which  caused  me  to  ask  if  a  ball  cartridge  was  dis- 
charged from  the  pistol  the  previous  evening.  "  Yes,  we  always  use  regular 
cartridges,"  was  her  reply,  which  seemed  decidedly  interesting.  Her  pistol 
was  called  for  and  cleaned.  Then  from  her  supply  of  cartridges  I  loaded  its 
seven  chambers,  placed  it  in  a  small  empty  closet,  put  a  guitar,  bell,  and 
tambourine  witn  it,  then  hung  a  curtain  at  the  door,  after  which  Mrs.  Hun- 
toon's  hands  were  tied  behind  her  and  as  secure  as  I  could  tie  them.  My  as- 
sistant "  Charla  "  sewed  the  knots  firmly  with  thread.  Four  chairs  were 
placed  in  front  of  the  curtain  for  the  family,  then  Mrs.  Huntoon  took  a  seat 
in  the  closet,  and  in  less  than  ten  seconds,  hands  and  a  face  were  shown 
through  the  curtain,  all  of  the  instruments  were  played  upon,  then  bang, 
biuig,  went  the  pistol,  and  a  third  time  at  my  request.  Immediately  after 
the  third  discharge,  the  medium  stepped  out 'to  the  light,  tied  ezactiy  as 
when  she  entered  ;  not  a  sign  of  a  bullet  mark  could  be  found.  I  took  the 
pistol  and  discharged  another  cartridge  at  the  floor  of  the  closet ;  the  bullet 
from  that  is  plain  enough  to  be  seen.  The  medium  was  then  asked  to  step 
into  the  closet  and  have  the  spirits  untie  her,  which  was  done  while  I  was 
taking  my  watch  from  my  pocket  in  order  to  time  the  untying.  It  certainly 
was  not  one  second  in  being  done.  As  no  mention  is  made  of  the  fact  that 
the  discharged  bullets  cannot  be  found,  it  can  hardly  be  considered  a  trick. 
Never  bother,  however,  to  tie  a  medium  ;  trust  to  the  production  ;  if  the  me- 
cUum  is  tied,  note  the  time  required  for  any  manifestation,  and  whether 
there  has  been  an  effort  in  the  production  ;  the  real  medium  keeps  cool,  the 
exposer  is  often  covered  with  perspiration  through  his  struggles.  Suppose  a 
letter  is  written  to  a  spirit  friend  to  be  answered  by  Mansfield,  write  as  fol- 
lows :  "  My  dear  friend,  give  me  some  test  by  which  I  may  know  that  I  am 
in  communication  with  you."  Do  this  mechanically,  keeping  your  mind 
upon  other  matters,  and  be  sure  to  have  no  thought  of  what  the  test  is  to 
be  ;  if  this  is  done,  sealing  the  letter  is  of  no  account,  and  the  writer  will  be 
more  fortunate  than  myself  if  anything  satisfactory  is  received.  in  a  dark 
circle  where  hands  are  felt,  observe  closely  whether  the  movements  are  like 
those  of  a  person  groping  in  the  dark,  or  every  attempt  Is  accomplished 
without  blundering.  1  have  tried  hard  to  study  the  manifestations  carefully 
and  candidly,  but  to  do  it  advantageously  requires  the  regular  attendance 
at  stated  hours  of  several  persons,  and  it  is  not  easy  to  find  such.  It  is  gen- 
erally supposed  that  an  intermingling  of  the  sexes  is  necessary,  but  that  is 
not  certain.  I  have  often  entertained  theories  about  the  matter  that  have 
as  of  ten, been  dispelled;  whatever  the  power,  if  an  appointment  is  made  it  is 
kept  without  fail,  even  if  forgotten  by  the  earthly  party  interested  ;  one  mo- 
ment we  have  what  seems  absolute  proof  of  spirit  communion,  the  next 
something  is  given  that  makes  the  matter  doubtful.  We  have  abundance  of 
communications,  often  two  try  to  communicate  at  the  same  time,  mixing  the 
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Ifltton  10  inrald  be  done  by  two  telempb  vires  getting  twisted  together.  We 
are  now  using  our  sixth  table,  ftvehaTiug  been  destroyed.  Table  tipping 
but  poorly  expresses  the  morements  with  as.  and  uo  person  with  a  partiele 
of  the  true  scientist  about  him  could  fail  to  be  interested  in  the  ever-chang- 
ing movements.  My  wife,  her  sister,  and  myself  constitute  the  sitters ;  we 
simply  place  our  hands  upon  the  table  without  any  attempt  to  control  its 
movements  It  travels  through  the  house,  up  stain  or  down,  swings  upon 
my  head  and  shoulders  aud  rushes  me  backwards,  and  in  darkness  uurough 
rooms  and  doors  without  touching  a  casing,  though  the  table  is  nearly  as 
wide  as  the  doors,  or  perhaps  it  will  bear  down  until  it  crushes  me  to  the 
floor.  I  think  it  can  press  down  three  hundred  pounds.  Sometimes  while 
I  am  sitting  in  a  chair  it  will  swing  on  to  my  back,  hook  its  legs  to  my 
chair  and  turn  me  around  or  drag  me  along,  or  perhaps  tip  me  over,  then 
drag  me  on  the  carpet.  A  recent  freak  was  to  tip  itself  over,  then  pick  up 
the  chairs  on  its  legs,  call  for  the  alphabet,  spell  out  "  confusion,"  then  dis- 
engage itself  from  the  chairs,  set  them  upright  in  place.  Any  movement  is 
made  Just  as  well  in  the  blackest  darkness  as  in  the  light.  It  will  move 
quickly  to  the  window  and  tap  the  glass  rapidly  without  injury,  thoo^  it  is 
so  dark  that  nothing  can  be  seen.  Its  communications  are  as  varied  as  is 
our  conversation.  My  boy  was  asleep  ;  the  question  was  asked,  *'  Do  you 
know  where  Jimmie  is  ?  "  "  Yes^  hi§  body  m  up  tUxirs,  hia  ndtid  is  toander- 
ing  through  immentity,**  To  the  question,  *'  Why  do  we  get  so  many  unre- 
liable communications  ?  '*  was  answered  by  those  purporting  to  be  special 
friends,  "  When  we  withdraw  our  control  it  leaves  you  open  to  the  influence  of 
elements  of  which  you  know  not."    I  spanked  my  boy  one  eveniuff  because  he 

was  raising  the  d 1  generally.     On  returning  to  the  table  where  another 

person  ana  myself  had  been  sitting  it  gave  me  a  hearty  thump,  knocking  me 
against  the  wall  and  handled  me  very  roughlv,  which  caused  me  to  laueh, 
as  its  force  could  be  calculated.  My  laughter  seemed  objectionable  for 
it  immediately  whirled  itself  into  the  hall  and  dashed  its  corners  into  the 
walls  —the  marks  still  remain.  Being  pitched  back  into  the  kitchen  it  tipped 
on  end,  called  for  the  alphabet  and  spelled  out  as  follows  :  "Learn  patience 
and  discretion  with  your  child  or  you  will  be  the  sufferer.** 

One  evenine  a  gentleman  was  anxious  to  get  the  full  name  of  one  whose 
initials  had  been  given  ;  he  had  urged  for  some  time,  when  the  alphabet 
was  called  for,  and  what  purported  to  be  the  spirit  of  another  person  spcdled 
out,  "She  is  gone  away.**  •*' Who  is  she  ?  '*  was  our  inquiry.  "  The  one  whose 
name  is  desired,**  was  the  reply.  "  Well,  can't  yon  give  it?"  was  then  asked. 
"No.**  "  Why.  don't  the  spirits  all  know  each  other  ?  "  we  asked.  The  al- 
phabet was  called  for,  seemingly  impatiently,  and  it  spelled  out,  "Do  you 
lenow  cUl  that  come  to  the  telegraph  office  ?  '*  The  table  c^ls  for  the  alphabet 
by  two  peculiar  upward  movements,  but  how  those  and  other  peculuuities 
were  understood  by  us  is  not  positively  known,  but  I  think  through  impres- 
sions. We  have  hundreds  of  communications,  each  characteristic  of  its  pur- 
ported  source,  all  of  which  can  be  reconciled  with  the  spiritualistio  claim  ; 
If  the  spirit  life  is  but  a  continuation  of  this,  the  only  chuige  being  separa- 
tion from  the  body,  which  has  been  used  as  a  cabinet  or  cage  in  this  life, 
and  in  the  same  way.  the  strange  and  unreliable  oommunications  are  read- 
ily accounted  for.  Ii  a  business  man  should  put  up  a  speaking  tube  from  his 
place  of  business  to  a  distant  city,  leaving  the  distant  end  open  to  the  public, 
the  gamins  would  be  likely  to  send  him  queer  messages  occasionally.  Much 
has  been  said  in  derision  about  Frank  J.  Baxter  and  the  "Abe  Bnnter  "  mat- 
ter, but  that  is  not  an  uncommon  phase  though  it  adds  to  ihe  mystery.  I 
will  give  a  case  in  my  own  experience  almost  identical,  and  for  which  there 
is  abundance  of  evidence  to  substantiate  the  fact  if  necessary.  I  shall  give 
the  particulars  literally,  that  the  case  may  be  clearly  understood.  I  was 
experimenting,  asking  questions,  which  were  answered  by  a  planchette,  pur- 
porting to  be  controlled  by  my  mother  ;  many  questions  had  been  answered, 
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montJis  ago.**  I  did  not  believe  it,  but  wrote  the  next  morning  to  my  daugh- 
ter at  Lebanon,  N.  H..  requesting  her  to  ascertain  Mr.  Buck's  whereabouts, 
giving  no  intimation  of  my  reason  for  desiring  her  to  do  so.  In  a  day  or  two 
her  reply  came  and  was  as  follows  :  "  Cousin  Isa  was  at  Newport  about  a 
month  ago,  and  while  there  news  eame  that  Mr.  Buck  was  dead,  and  had  been 
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detid  three  months,**  certainly  seeming  good  proof  of  spirit  communion.  Yet, 
Mr.  Buck  was  living  at  the  time^  and  is  yet,  I  belioTe.  If  placed  upon  a  jury 
to  decide  the  question  of  spirit  communion  my  verdict  would  be  **iVb< 
proven";  still  proof  of  the  fact  that  seems  almost  positive  may  be  obtained 
m  abundance,  but  that  almost  invariably  stands  in  the  way.  That  the  sub- 
ject is  of  more  importance  than  that  of  any  discovery  which  has  been  made  for 
thousand  years  is  my  firm  belief ;  in  my  opinion,  it  is  our  life,  and  oifers  the 
key  to  life  and  health  ;  the  force  that  tips  the  table  moves  our  limbs  and 
bodies,  operating  our  movements  as  a  river  operates  a  mill,  continuing  with 
us  from  the  birth  of  the  spirit  through  eternity  ;  our  brains  are  simply  in- 
struments through  which  we  receive  ideas  as  tunes  are  rendered  by  a  piano, 
the  average  mind  receiving  ideas  as  water  flows  into  a  hole  to  the  general 
level,  the  thinker  pumps  his  higher  and  becomes  the  advanced  leader.  The 
infidel  Pain^,  of  1776,  was  but  the  Unitarian  of  1876.  The  "  Autocrat  of  the 
Breakfast  Table  "  radical  twenty  years  since  is  accepted  by  the  multitude 
to-day.  The  manifestations,  however,  seem  more  the  reflections  of  the  past, 
than  representations  of  spirit  life  of  the  future.  We  can  readily  decide 
whether  we  see  the  reflection  of  an  object  in  a  perfect  mirror,  or  the  object 
itself  through  plate  glass,  though  exactly  the  same  view  may  be  presented  in 
either  case ;  yet  it  might  not  be  easy  to  explain  the  diiference.  It  is  a  prac- 
tice of  writers  to  lay  out  a  general  plan  of  a  work,  then  to  smooth  up  and 
fill  in  the  details  as  it  is  written  out.  The  completed  *'  Edwin  Drood  "  of 
Dickens  by  the  spiritual  medium,  I  believe  to  be  the  rough  sketch  of  Dick- 
ens in  this  life.  That  spirits  of  murdered  persons  do  not  return  and  expose 
their  murderers  is  strong  presumptive  proof  that  such  return  is  impossible  ; 
for,  notwithstanding  all  that  can  be  said  about  the  spirits  not  believing  in 
hanging,  etc. ,  it  is  universally  conceded  that  prevention  is  better  than  cure, 
and  if  the  fact  were  once  established  that  exposure  was  probable  through 
the  spirit's  return  it  would  act  as  the  strongest  preventative.  The  following 
extract  from  a  lecture  on  the  "  Law  of  Influence  V  seems  deserving  of  con- 
sideration :  — 

"  May  not  that  enerffy  known  as  eLectilcity  be  the  universal  medium  for  the  applica- 
tion ot  the  creative  and  reproductive  force  or  influence  to  matter  ?  It  not  only  conveys 
the  si^s  of  thought  through  the  telegraph  and  telephone ;  it  also  transmits  our  thought- 
force  with  our  thought-touch  through  nerve  and  muscle  to  our  hands  and  feet.  On  the 
same  principle  the  thought-force  with  the  touch  of  the  Creator  through  this  electric 
hand  may  extend  constantly  to  each  world  and  to  every  atom  of  material  organism." 

That  there  is  a  force  that  produces  strange  manifestations  is  a  fact  too  well 
established  to  allow  of  its  being  ignored,  and  the  proper  course  would  seem 
to  be  to  grapple  with  it  and  solve  its  nature  :  to  its  spiritual  bearing  I  have 
piven  but  little  attention,  though  the  following  lines  express  my  own  feel- 
ings upon  that  point :  — 

Oh  shades  of  loved  ones  gone  before! 
Do  you  still  exist  on  some  unknown  shore  ? 
In  a  brighter  land  and  advanced  state. 
Where  souls  from  earth  with  angels  mate, 
Where  free  from  pam  and  earthly  strife. 
The  soul  aspires  for  a  higher  life, 
Where  a  purer  love  to  each  is  given, 
Surroundmg  all  with  the  joys  of  heaven  ? 

And  are  the  joya  of  that  unknown  shore 

So  complete  that  eaith  attracts  no  more  ? 

Haiti  eattlily  ties  nor  kindred's  tears 

No  responsive  throb  in  those  brighter  spheres  ? 

Or  do  you  in  the  spirit  form 

Remain  with  earthly  friends  to  roam, 

To  fill  onr  hearts  with  gentle  love 

And  lead  us  on  to  that  home  above  ? 

We  loved  you  here,  we  love  you  still ; 

You  have  gone  l)efore,  'twas  our  Father's  will. 

Though  we  still  remain  in  our  earthly  homes, 

Our  hearts  oft  turn  to  our  loved  ones  gone. 

Yes,  gone  before  at  the  Father's  \vill, 

But  in  memory  cherished  at  the  old  homes  still ; 

At  the  table,  the  fireside,  in  each  sunny  spot,  yet 

Your  influence  is  felt,  ah  !  we  shall  never  forget  I 
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Ko,  never  forget  tills  side  the  "  dark  river.** 
May  He  influence  onr  lives,  the  all  boonteoos  Oiver; 
Guide  us  o'er  its  silent  waters  to  that  unknown  shore 
That  we  mav  meet  with  loved  ones  to  part  never  more, 
And  through  the  seeming  love  of  those  gone  before 
We've  the  most  tangible  proof  of  that  unknown  shore ; 
That  we  shall  meet  again  with  our  dearest  friends 
In  an  advanced  life,  when  the  present  ends. 


SCIENCE  AND  RELIGION. 

The  time  seems  approaching  with  giant  strides  when  any  religion  irrecon* 
cilable  with  reason  will  have  no  place  except  with  the  ignorant  or  venal. 
The  morals  of  to-day,  conipared  with  those  inculcated  two  thousand  years 
ago,  show  little  in  favor  of  what  during  the  last  fifteen  centuries  has  passed 
for  religion  ;  we  know  that  during  the  time  when  that  religion  held  unlim- 
ited sway,  the  period  is  known  as  that  of  the  **  Dark  Ages."  Our  great  im- 
provements and  inventions  are  the  work  of  an  age  of  ifS^^delUVy  and,  if  expe- 
rience is  of  any  value,  it  is  evident  that  our  elevation  and  salvation  depend 
upon  our  own  exertions  guided  by  reason,  and  that  religious  dogmas  only 
benefit  those  who  teach  them.  A  venal  priesthood  has  hedged  religion  with 
superstition  until  it  has  seemed  impossible  to  elucidate  the  matter  by  nat- 
ural means ;  besides,  it  has  been  said  that  the  bigotry  of  science  is  only  sec- 
ond to  that  of  religion  ;  but  science  means  knowledge,  and  knowledge  has 
nothing  to  do  with  bigotry,  either  in  religion  or  science.  We  do  not  dispute 
about  tne  sum  of  two  and  two,  or  as  to  whether  the  sunlight  is  greater  than 
that  of  a  tallow  candle  ;  ignorance  causes  the  dissensions,  and  the  greater 
the  ignorance  the  more  tenacious  the  opinion.  Superstition  away,  science 
will  readily  prove  all  seeming  miracles  to  be  either  delusive  or  the  efifect  of 
natural  causes.  The  purpose  of  this  article,  however,  is  not  to  meddle  di- 
rectly with  religion,  but  to  cause  a  scientific  consideration  of  the  claim  of 
''  special  inspiration  "  of  the  Bible,  and  the  subject  of  **  election  "  or  "  pre- 
destination." An  opinion  upon  inspiration  to  be  of  any  value  must  be  based 
upon  evidence,  and  such  evidence  can  only  be  obtained  from  observation. 
First,  science  readilv  demonstrates  the  fact  that,  physically  considered,  man 
is  but  a  complicated  machine,  each  organ  being  fitted  for  certain  duties,  and 
as  a  whole,  by  the  consumption  of  a  given  quantity  of  carbon,  he  or  a  steam 
engine  will  raise  the  same  weight  to  a  given  height.  Such  being  the  case,  is 
it  unreasonable  to  suppose  the  mental  organs  are  also  mechanical,  and  that 
the  brain  transmits  ideas,  as  the  larynx  does  that  of  tones,  or  a  violin  tunes  ? 
There  is  abundance  of  evidence  to  prove  that  intelligence  comes  from  a 
fountain  outside  of  ourselves,  open  to  all,  but  to  each  individual  in  accord- 
ance with  the  quality  of  that  individual's  brain  or  instrument  of  transmis- 
sion. How  often  we  read  accusations  of  plagiarisms  between  authors  when 
in  fact  neither  had  ever  seen  the  writings  of  the  other  ;  how  common  it  is 
for  two  persons  to  commence  at  the  same  time  to  speak  of  the  same  matter. 
Every  inventor  realizes  how  liable  he  is  to  be  anticipated  if  he  delays  the 
completion  of  a  device.  Persons  of  the  lowest  intelligence,  like  '*  Blind 
Tom,"  will  perform  wonders  without  consciousness  of  how  it  Is  done.  Igno- 
rant '^  mediums  "  will  deliver  oif  hand  the  most  profound  lectures.  Muis- 
ters  and  authors  in  a  state  of  somnambulism  have  written  articles  of  a  supe- 
rior character  to  what  they  could  write  in  their  normal  condition ;  problems 
have  been  solved  in  the  same  way.  Can  we  suppose  that  the  ideas  of  a  lif^ 
time  are  stowed  away  in  a  person's  head  ?  We  may  divide  the  head  of  a 
man  or  a  fiddle  into  minute  pieces  without  finding  either  an  idea  or  a  tune ; 
then  is  it  not  reasonable  to  believe  the  brain,  like  the  fiddle,  to  be  a  mere 
instrument  of  transmission,  and  that  some  new  intelligence  is  operating  it 
when  things  are  done  in  our  sleep  or  unconsciousness  that  are  impossibili- 
ties in  our  waking  hours  ?  When  inspiration  is  fully  understood  we  may 
rest  assured  that,  like  other  discoveries,  we  shall  find  it  very  simple,  and 
that  we  have  looked  too  far  away  for  the  solution.  Predestination  !  Who 
believes  or  even  thinks  of  an  idea  so  obsolete  ?  asks  the  reader.    More  than 

generally  supposed,  my  friends,  though  under  various  names.  Those  who 
elieve  a  large  portion  of  our  race  doomed  to  hell ;  the  Adventist,  who  be- 
lieves in  the  annihilation  of  the  wicked ;  last,  but  not  least,  the  Materialist, 
under  which  name  may  be  found  the  shallow-minded  of  every  station  of 
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life,  from  the  shoveler  in  the  bog  to  the  pfiendoHScientist  who  believes  him- 
self to  have  exhausted  the  source  of  knowledge  ;  the  sleek  priest,  sanctimo- 
nious preaoher,  and  pretentious  professor,  all  preach  or  teach  something, 
but  at  Jieart  believe  in  "nothing'^;  the  professor  insolence  at  the  expense 
of  consistency,  for  a  fundamental  principle  of  science  is  that  to  exist  at  all 
is  to  exist  forever.  Predestination,  religiously  considered,  is  a  hazy  matter, 
but  treated  rationally  becomes  very  clear,  as  do  election  and  annihilation, 
and  seems  the  proper  termination  of  a  large  portion  of  the  human  family,  as 
may  readily  be  made  to  appear.  I  have  tefore  me  a  tool,  called  by  its  in- 
ventor, "  the  imp  ",*  it  is  out  one  of  many  of  a  similar  character,  that  is.  a 
combination  of  old  devices,  thus  forming  something  new.  "Twelve  useful 
tools  in  one,"  says  the  inventor,  a  screw-driver,  rule,  hammer,  carpet- 
stretcher,  file,  saw,  etc.,  etc.,  made  in  two  pieces,  which  by  a  peculiar  joint 
are  readily  united,  then  becoming  wrench  and  pincers,  thus  creating  "  the 
Imp";  disiuiited,  "the  Imp"  is  annihilated,  dissolved  into  the  commonest 
of  tools ;  so  of  the  average  human  mind.  Pat,  the  shoveler,  dissolved, 
leaves  a  residuum  of  ideas  relative  to  pipes^  tobacco,  dogs,  pigs,  jokes,  ab- 
solution, wakes,  etc.,  etc.;  the  pseudo-scientist,  of  big  words  in  which  old 
ideas  running  in  still  older  ruts  have  been  dressed.  The  eif  ect  of  the  disin- 
tegration of  such  mountebanks  as  Justin  D.  Fulton,  Talmage,  and  others, 
may  be  witnessed  where  some  one  is  skimming  the  scum  or  troth  from  a 
caiudron.  Observe  how  an  air  bubble  explodes  here,  another  there;  soon  it 
has  vanished,  there  is  nothing  but  a  little  common  dirt  left.  Take  preach- 
ers like  our  weak  but  amiable  Doctor  Adams,  those  who  will  neither  learn 
themselves,  nor,  so  far  as  they  can  hinder,  let  others  ;  who  search  their 
Bible  through  for  evidence  that  spirit  communion  with  man  was  once  very 
common,  in  order  to  prove  thereby  its  impossibility.  At  the  disintegration 
of  such  reverend  delusions  what  can  there  be  left  but  a  little  sediment  of 
John  the  Baptist,  intolerance  of  John  Calvin,  superstition  of  grandmothers 
and  puling  of  baoies  ?  Is  there  one  particle  of  originality  in  such  persons 
that  can  give  hope,  rationally  considered,  from  which  an  individuality  can 
be  constructed  for  a  continued  existence  ?  If  not,  is  not  annihilation  the 
predestined  end  of  all  who  fail  to  work  out  an  individuality  for  themselves; 
while  election  as  naturally  follows  for  those  who  do? 


"SPIRITS,  OR  WHAT?" 

Under  the  above  heading,  the  Boston  Herald  of  February  28th  ultimo 
gave  a  very  circumstantial  account  of  what  were  claimed  to  be  materialized 
spirit  forms  witnessed  at  Rochester,  N.  H. ;  we  can  hardly  take  up  a  paper 
without  finding  something  of  the  kind  described,  and  unless  desirous  of 
passing  down  to  posterity  as  a  superstitious  set  of  materialistic  idiots  it  is 
time  that  some  attempt  should  be  made  to  elucidate  the  cause  of  such  ap- 
pearances. Is  the  question,  however,  logical  in  connection  with  the  ac- 
count ?  Spirit  is  inwicUerial  intelligent  being.  The  account  describes  ma- 
terial forms  that  must  have  been  those  of  ordinary  human  beings,  or  rein- 
carnations of  persons  once  known  in  this  life^  neither  oifering  any  proof  of 
life  beyond  the  grave  ;  but  such  materializations  are  likely  to  gain  the  at- 
tention of  the  multitude  sooner  than  those  of  a  more  intellectual  character; 
they  are  evidently  of  this  life  and  have  to  do  with  our  well  being  here,  ema- 
nating from  the  same  cause  or  force  as  that  which  causes  "  table  tippings, 
spirit  raps,"  etc.,  and  I  believe  the  same  as  that  which  produces  all  of  our 
physical  movements ;  and  this  force  seems  traceable  back  for  centuries. 
Recall  the  monks  of  Luther's  time,  mere  animals  with  only  animal  desires, 
their  religion  a  formula,  denying  the  right  of  thought ;  forbidden  to  marry, 
but,  unless  sadly  belied,  the  fauiers  of  many  children.  Think  of  the  stern 
old  sectarian  with  his  coarse  animal  nature  and  belief  in  woman's  subjec- 
tion, thinking  it  a  sin  to  smile,  but  scriptural  to  gratify  his  passions  ;  it  was 
the  rule  for  such  Christians,  from  John  Rogers  to  Lyman  Beecher,  to  have 
many  children.  Turn  from  those  running  in  ruts  to  those  beginning  to 
think.  The  astounding  "  spiritual  manifestations  "  in  the  family  of  Samuel 
Wesley  prove  the  mediumistic  temperament  of  the  children.  Those  old 
enough  will  readily  recall  the  ecstatic  shouts  and  convulsive  ways  and  wor- 
ship of  the  early  Methodist.  Can  any  one  remember  such  with  large  fami- 
lies of  children  ?    Yet  they  were  not  credited  with  a  disposition  to  mortify 
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the  flesh.    Come  now  to  the  spiritual  medium  J  male) ;  look  the  list  through, 
see  how  few  of  them  are  fathers,  yet  many  of  them  have  a  very  corn-fed 
look,  and  they  are  generally  noted  for  liberal  views,  and  it  would  seem  tliat 
their  life  force  is  expended  in  the  production  of  their  so-called  physical 
manifestations.    Go  back  centuries  and  it  will  be  found  that  wherever  these 
manifestat  ions  have  appeared  in  families  they  have  almost  invariably  done 
so  through  the  children.    See   the  Kev.  Joseph  Glanvill's  account  of  the 
"  disturlwnces  in  the  Mompessou  family,  1661  to  1663";  also,  Adam  Clark's 
account  of  those  in  the  Wesley  family  ;  so  of  modern  times.    Half  a  dozen 
children  seated  at  a  table  soon  set  taOit   ippings  or  raps;  the  same  number 
of  octogenarians  might  fit  until  doomsday  without  doing  ao,  which  would 
seem  to  Indicate  that  they  are  the  product  of  a  surplus  of  the  life  force. 
Solomon  in  his  prime  could  undoubtedly  have  caused  the  heaviest  exten- 
sion table  to  dance  a  hornpipe,  but  after  getting  to  the  vanity  and  vex- 
ation stage,  would  have  found  a  teapoy  too  heavy.    Ignorance  sneers  at  tbe 
treatment  of  old  David,  as  described  in  the  1st  Book  and  (Jhap.  of  Kings  ; 
but  in  my  opinion,  a  profound  depth  of  knowledge  of  the  life  force  is  indi- 
cated therein,  that  is  not  thought  of  by  the  mMlical  fraternity  of  to-day. 
See  how  readily  women,  babies,  and  do^s  take  to  rosy,  robust  men;  then  see 
the  same  dog  with  hanging  head  and  tail  describe  the  segment  of  a  circle  as 
he  passes  the  lank,  saturnine  specimen  of  humanity.    Kobust  men  usually 
mate  with  fragile  women ;  animal  propensity  would  seem  to  demand  an 
equally  robust  mate,  but  it  is  evident  that  nature  guides ;  the  one  has  a 
surplus,  the  other  lacks  the  life  force,  and  each  attracts  the  other.    Married 
couples  are  seldom  effective  as  table  tippers,  though  each  carry  their  pro- 
portion of  force  mixed  with  others.    Wny  is  the  invalid  strengthened  by 
taking  iron  into  the  system  unless  because  of  its  being  a  good  conductor  of 
electricity  or  this  life  force?    Singing  or  music  has  the  same  effect  upon 
the  man^feBtcUiont  in  all  their  phases  as  upon  human  beings.    The  foregoing 
suggestions  are  offered  for  the  consideration  of  observers ;  they  relate  to 
the  physical  bearings  of  the  phenomena ;  but  there  are  other  phases  that 
offer  strong  proof  that  the  spirit  germ  from  the  great  ocean  of  intelligence 
takes  possession  of  the  body  in  order  to  gain  an  individuality,  the  bcKly  it- 
self like  a  vegetable  starting  from  seed,  drawing  sustenance  from  the  earth 
and  returning  to  the  same  at  maturity  ;  then  how  important  that  life  in  the 
body  should  be  natural.    Svffer  little  childrtn  to  come  unto  me  and  forbid 
them  noty  for  of  such  is  the  kingdom  of  heaven.    In  the  face  of  such  a  com- 
mand, how  dares  a  being  so  ignorant  as  a  Moody,  attempt  to  warp  the  mind 
of  a  child  into  harmony  with  the  superstitions  of  his  own  perverted  nature  ? 
The  question  answers  itself  ;  it  is  only  through  ignorance  that  he  so  dares. 
The  mind  of  a  child  is  a  study  for  the  profound.    How  natural  it  is,  and  how 
its  simple  inquiries  confound  the  ghastly  theories  of   a  Calvin.     Suppose 
a  forest  to  be  cultivated  by  cutting  the  tops  from  a  portion  of  the  trees, 
leaving  unsightly  stubs,  the  branches  from  others,  leaving  bare  poles,  all  the 
branches  from  one  side  of  others,  and  so  on,  would  not  such  work  be  con- 
sidered that  of  barbarians  ?    From  the  depths  of  my  soul  I  believe  it  to  be 
a  greater  sin  to  teach  a  child  any  other  motive  for  doing  right  than  for 
riot's  sake,  than  it  was  for  Fagin  to  teach  Oliver  Twist  and  his  compan- 
ions to  steal.    So  long  as  a  mercenary  priesthood  can  live  on  the  credulity 
of  the  ignorant,  so  long  will  such  as  Moody  be  encouraged  to  peddle  out  su- 
perstition, that  the  educated  clergy  would  be  ashamed  to  mention  ;  but  as  a 
matter  of  policy  it  would  seem  better  to  live  here  by  sawing  wood,  then  re- 
turn to  God  a  full  fledged  individual  soul  ready  to  commence  a  higher  life, 
than  to  live  at  ease  preaching  platitudes,  then  to  "  melt  back  into  the  uni- 
verse "  with  the  spirit  germ  so  shrunken  that  it  will  naturally  gravitate  to 
the  body  of  some  lower  animal  in  which  to  make  a  new  effort  for  a  higher 
life.    With   Moodys,  there  will  be  Ingersolls,*  for  the  two  are  cause  and 
effect,  ignorant  fanaticism  and  cupidity.    No  well-read  thinking  person  can 
well  doubt  that    Christianity   has  put  humanity  back  a  thousand  years 

•  Bob  Ingersoll,  as  the  ready  champion  of  star-route  thieves  and  other  piT.yinp:  rascals, 
wiping  his  modest  brow  and  poslnR  oeforf  an  audience  a.s  a  model  man  and  instructor 
of  the  world,  invariably  recalls  to  my  mind  Mr.  R.  Riderhood,  ao  well  described  bv 
Dickens,  in  '•  Our  Mutnal  Friend."  'I  he  feature  however  to  me  seemingly  the  most  to 
be  regretted  is  the  fact  that  superstition  has  caused  such  ignorance  that  an  audience 
can  be  found  willing  to  listen  to  ideas  that  were  musty  with  age  a  thousand  years 
since,  and  which  have  been  reiterated  a  thoiisand  times  by  far  abler  and  more  disinter- 
ested men  than  Mr.  IngersoU  has  ever  shown  himself  to  be. 
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(Jesus  of  Nazareth  would  find  little  sympathy  in  a  Christian  church  to-day) ; 
or  that  the  Bible  has  been  perverted  through  selfishness ;  but  the  strange 
phenomena,  known  as  spiritual  manifestations,  are  likely  to  furnish  proof 
that  its  leading  ideas  are  correct,  and  that  its  seeming  miracles  were  the 
effect  of  natural  causes.  These  haye  interested  me  for  many  years,  but  it  is 
only  since  their  appearance  in  my  own  family  that  I  have  been  able  to  study 
them  with  any  satisfaction  ;  as  we  are  not  medinms  their  appearance  with 
us  is  supposed  to  be  the  result  of  an  earnest  desire  and  cultivation  of  the 
means  to  bring  them.  Either  my  wife,  her  sister,  "  Gharla,"  or  mvself  can 
get  table  tilings  or  rapa^  sitting  with  almost  any  other  person,  but  such 
communications  as  were  published  in  last  issue  of  Reporter  are  only  ob- 
tained when  "  Char  la  **  is  one  of  the  sitters  ;  those  were  obtained  by  calling 
the  alphabet,  the  table  moving  at  the  proper  letter ;  they  also  come  through 
her  ndnd  by  seeming  inspiration.  1  mention  her  as  "  Charla,'*  because  as 
such  she  is  known  to  engineers,  turbine  builders,  and  manufacturers  in  more 
than  half  of  the  states  of  the  Union,  as  the  young  lady  assistant  in  my  test- 
ing business;  quiet,  and  of  a  mathematical  turn,  but  certainly  not  a  poetess, 
yet  in  answer  to  wished-for  information,  communications  like  the  following 
come  through  her  mind  like  a  flash  of  light : 

FtOx,  wltb  the  true,  you'll  one  day  find. 
Is  but  the  crossing  of  your  mind 
With  our  dispatches  as  they  are  sent 
From  our  Sommer  Land  to  your  Continaiti 


If  the  truth  you  wish  to  find. 
Yon  must  study  your  own  mind. 
Learn  its  workings,  its  relation 
With  the  great  unknown  creation: 
A  gem  we  promise  you  shall  find. 
In  a  knowledge  of  the  human  mind. 
Spirit  friends  around  you  gather. 
Wishing  much  to  help  their  brother. 
Seeking  earnestly  to  find 
This  gem  of  truth  in  the  human  mind. 


Spirits  from  the  other  shore 
Oit  come  tapping  at  your  door, 
Wishing  to  inspire  your  mind 
With  happier  thoughts  of  their  design. 


Sleep  Is  a  rest  for  the  weary  mind. 

Which,  as  It  wanders  free. 
Oft  catches  inspiration 

And  brings  it  back  to  thee. 

Ofttlmee  when  the  mind  doth  wander* 

While  the  body  is  at  rest, 
Stnuige  elements  of  earth 

This  freed  mind  doth  impress. 

Many  times  when  the  mind  doth  wander* 
Ideas  which  to  earth  are  grand. 

Are  in  his  sleeping  hours 
Stamped  on  the  mind  of  man. 

Then  when  he  doth  awake, 
And  reason  and  thought  control, 

These  ideas  are  developed 
And  given  to  the  world. 


Tour  lives  are  tangled  in  with  ours  ; 

We  are  not  far  away. 
We  join  men  and  women  in  their  work. 

And  children  in  their  play. 

Much  has  been  said  about  the  twaddle  that  purports  to  come  from  the 
spirits  of  noted  persons,  but  if  persons  will  pander,  twist  and  be  all  things 
to  all  men  for  the  sake  of  becoming  noted,  there  is  no  good  reason  for  sup- 
posing the  spirit  of  such  will  retain  a  very  positive  indiviauallty  after  separa- 
tion from  the  body.  Separate  the  parts  of  a  twenty-four  bladed  Jack  knife,  j 
and  the  corkscrew  would  have  the  same  right  as  any  other  piece  to  call  it-  1 
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•elf  tlie  nunT  blftded  knife. 


iban  aucb  w  1  bsie  published  -.  and 


_..   .  appllcaiion,  Bimply  bee, 

they  are  answers  t«  ideAi  coiiTersed  about  hours,  perhaps  days,  before, 
fulfoirlng  is  one  of  [he  kind  and  was  giien  ihrongh  the  lable  :  -yonerti 


ly  eould  be  spelled  oni. 

I  And.  also,  thai  any  tdea  thoroughly  eetabliebed  In  mv  own  mind  is  prelly 
sure  to  crop  out  In  the  communicatioiis.  An  earnest  vuh  or  desire.  tbouEh 
it  maynotbegratilled.  is  very  likely  Co  receive  notice,  so  CbRtm}' faith  la  be. 
coming  Mrong  that  there  is  efficacy  in  prayer  ;  not  through  any  cbsnge  of 
Ood'e  laws  but  in  accordance  tberewitb.  frankliu  drew  lightning  from  the 
clouds,  sol  bellexe  that  one  or  many  persona  praying  earnestly  (or  a  gifeu 
purptue  nilghl  produce  jui  effect ;  we  little  know  yet  the  power  of  mind 

knowledge  of  our  life,  beallb.  and  surroundings  Urnt  can  be  obtained  in  no 
other  way.  Tbroush  them  I  belleie  it  will  be  made  clear  tbst  crime  is  a 
disease,  and  that  there  is  something  more  than  *  moral  InBuence  in  the 
contact  of  indirlduals.  1  find  in  sitting  with  certain  persons  that  my 
etrcngth  or  life  force  is  taken  from  me  to  a  yery  disagreeable  extent,  while 
the  contrary  Is  the  case  with  others.  There  are  penwns  who  seem  Co  leaTe 
a  part  of  tliemselTes  with  us  for  weeks,  so  that  If  we  sit  (or  the  manlfeata- 

One  case  ha*  Inceresteil  nie  much  ^  it  waa  wbat  purported  to  be  the  spirit 
sister  lit  a  person  from  a  distant  state.    She  gaie  a  communication  as  a  teat 

again  she  was  rated  soundly  for  her  deception,  and  requested  to  keep  anav 
unless  she  could  be  truthful.  Nothing  more  was  beard  of  her  for  six 
months  when  her  brother  came  loom  house  for  perhaps  fi<ie  minutes;  that 
evening  his  sister  put  in  an  appearance.  "  How  bappeiis  it  that  ;ou  hare 
not  been  here  for  «o  long  a  time,'*  was  my  Inquiry.  "  roHscol<f(if.''^was  the 
reply  "Ah.  Annie,  you  told  flhe,  you  remember."  "  So,  I  didtft."  "Ah. 
yes.  that  lest  to  your  brother."  "  I  didn't  gin  oau."  "  Who  did  then?" 
was  asked.    "  The  ant  Ikat  brote  tht  windoter    Nothing  had  been  said  aboat 


followed  by  Imitators,  tlnthusiastic  spiritual  Istsexnll  in  the  thought 
90  manifeeUtions  are  breaking  up  the  pulpit  influence,  but  that  Is 
ecaune  pulpits  are  uoonpied  by  matertafists  at  heart,  who  preach  for 
lo  pay  best,  without  faith  In  their  own  teachings:  and  consequently, 
the  nrst  to  lanah  at  the  idea  that  any  of  their  dogmas  may  be  sns- 
y  tangible  eridenee  ;  yet  these  so-called  spiritual  manifestations  do 


no  doubt,  are  reincarnatiesis,  and  give  ground  for  the  belief  in  the 
Hjtlon  of  the  body  for  judgment,  and  the  resurrection  of  .lesue  of  Naz- 

A  careful  study  of  the  forces  that  produce  the  raaterialiiation  will 
t  gauae  the  observer  to  heeiia  e  before  rejecting  hs  impossible  che 

snch  oonceplion  as  that  claimed  for  him  ;  not  of  course  through  any 
lous  process,  but  through  a  concenirailon  of  sexual  force,  as  a  eon- 
ion  of  the  elements  uniler  certain  conditions  produce  earthquakes, 
rws.  whirlwinds,  etc.     We  htxe  much  to  learn  yet,  and  until  sura  that 

Sille  as  wite  Ns  our  Creator  it  is  not  worth  while  to  ascribe  to  mlra- 
c  devil,  what  may  well  take  place  through  ualnral  causes,  though 
I  not  understand  the  why.  The  ahallnw  may  sneer  at  these  manlfes- 
.,  but  the  thinker  who  has  studied  them  earelullj  ooder  faTOrable 
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conditions  will  feel  more  inclined  to  bow  in  hmnllitj  and  thankfobieas  be- 
fore his  Creator  and  to  earnestly  ask  for  more  light.  In  conclusion,  I  would 
say  that  from  my  own  experience  during  many  years  of  unprejudiced  invet- 
tigation  I  belieTe  tiie  mfttter  to  be  susceptible  of  praotieal  soluDon. 


SCIENTISTS  AND  PROFESSORS. 

In  earlier  times,  when  learning,  as  it  was  termed,  was  confined  to  a  fa- 
vored few,  the  masses  looked  up  to  those  as  leaders  in  knowledge,  and  the 
most  competent  to  direct ;  habit  continues  the  practice  with  too  little  consid- 
eration of  who  really  are  scientists,  or  what  has  any  professor  ever  done  to 
cause  the  prefix  to  denote  ability :  it  is  used  for  the  most  frivolous  callinffs 
outside,  such  as  horse  tamers,  balloonists,  dancers,  etc.,  etc.;  in  college  It 
denotes  a  sort  of  conduit  for  the  transmission  of  stereotyped  knowledge  from 
books  to  pupils.  Would  a  smart,  practical  person  desire  the  prefix,  or  be 
willing  to  settle  down  in  the  conduit  business  ?  It  is  very  common  in  case  of 
some  terrible  bridge  or  dam  disaster  for  the  papers  to  teem  with  articles  from 
such  professors,  explaining  the  faults  and  how  it  should  have  been  done, 
etc. ,  etc.  A  year  or  two  since  a  Professor  Tansey ,  or  some  such  name,  oame  out 
in  a  profound  report  as  to  how  car  heatins  by  steam  from  the  looomotiTe 
should  be  done,  causing  a  road  to  fit  up  a  train  with  his  device.  His  ignorance 
was  only  equaled  by  his  conceit.  His  plan  is  hardly  likely  to  be  adopted  ;  the 
influence  of  the  prefix  is  justly  passing  away.  What  a  field  there  is  open  for 
the  pruning  of  our  language  of  its  useless  synonyms  and  outrageous  spelling, 
yet  if  done  it  is  sure  to  be  done  by  some  one  not  anxious  for  the  prefix  of  pro- 
fessor to  his  name. 

Of  scientists  who  are  they  ?  Certainly  not  of  the  Huxley  and  Tyndall  type 
who  are  forgotten  as  soon  as  dead.  Wliile  such  names  as  Franklin,  Morse, 
Fulton,  Watt,  Howe,  and  others,  become  more  familiar  as  time  passes  by. 
We  have  too  much  adulation  for  heroes  before  taking  any  pains  to  ascertam 
whether  such  credit  is  deserved. 

How  often  Herbert  Spencer  is  referred  to  as  a  great  thinker,  etc.  Like 
AthensBus,  Rabelais,  and  others,  he  is  a  great  reader,  compiles,  credits,  and 
publishes  ;  but  if  he  has  suggested  anything  remarkable  for  originality  it  has 
not  met  my  view.  So  of  Edison,  the  most  slopped  over  of  inventors  of  the 
time  ;  can  any  one  name  what  hia  inventions  are  except,  perhaps,  his  talking 
doll  ?  He  receives  a  large  income  from  some  invention,  and  unaoubt€Mily  is 
deserving  of  commendation,  but  the  courts  do  not  mention  his  name  in  con- 
nection with  the  telephone  nor  any  other  exclusively  original  invention ;  such 
flunkyism  is  not  creditable  to  our  people. 

In  a  lecture  on  scientific  training,  delivered  recently  in  England,  Dr.  Sie- 
mens, who  has  been  one  of  the  most  distinguished  practical  inventors  of  the 
age,  struck  out  on  a  line  of  thought  which  is  not  often  traversed.  He  said 
that,  at  this  period  in  the  development  of  science,  it  was  easily  possible  to 
give  to  a  young  man  a  too  thorough  training  in  science.  This,  he  maintained, 
was  the  defect  in  the  great  technical  schools  in  Qermany.  They  turned  out 
men  who  made  admirable  supervisors  of  existing  systems ;  but  they  were  at 
the  same  time  men  who  understood  existing  systems  vrith  such  completeness 
that  their  improvement  b^  new  contrivances  or  inventions  seemed  to  them 
practically  hopeless.  The  inventor  was  a  man  who  had  far  less  respect,  and 
poesibly  much  less  knowledge,  of  the  methods  already  in  use  ;  but.  for  this 
reason,  his  mind  was  free,  and  he  was  not  hampered  by  old  traditions.  Ln 
corroboration  of  this,  it  might  be  said  that  our  greatest  inventors  have  rarely 
been  men  who  have  received  in  their  youth  a  thorough  scientific  training. 
By  analosy,  it  might  be  said  of  them  that  their  very  ignorance  led  them  w 
rush  in  where  the  wise  did  not  dare  to  tread. 
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8PIBITUAL  MANIFESTATIONS. 


It  is  nearly  a  score  of  years  since  the  foregoing  articles  were  com- 
menced and  thirty-five  since  commencing  to  study  the  phenomena. 
This  has  brought  me  in  contact  with  ministers,  congressmen,  doc- 
tors, lawyers, curiosity  seekers,  and  mechanics — the  latter  by  far  the 
most  intelligent  observers  from  the  nature  of  their  make  up,  for 
they  judge  understandingly  of  the  space  and  time  necessary  for 
effect.  Lideed,  I  do  not  believe  any  one  will  ever  arrive  at  the 
highest  standard  in  any  calling  if  destitute  of  the  mechanic's  cre- 
ative and  organizing  faculty.  The  claims  of  the  mesmerist  have 
been  familiar  to  me  for  a  half  century,  and  seem  so  blended  with 
those  of  the  spiritualist  that  I  am  unable  to  separate  them. 

Hypnotism  seems  a  subterfuge  for  retreating  from  a  position  im- 
possible to  maintain,  and  a  claim  to  share  the  honor  after  braver 
hearts  have  won  the  battle. 

Theosophy,  seemingly  the  "old  clo' "  of  Spiritualism,  offers 
little  that  is  new,  if  A.  P.  Sinnett  is  to  be  considered  the  esqponent. 
His  "  Karma,"  in  itself  to  me  interesting,  is  made  up  of  old,  old 
ideas  and  stories.  Rabelais  says,  Alexander  the  Great — of  course 
re-incarnated — ^is  making  a  poor  living  mending  old  stockings. 
Cyrus  is  a  cowherd,  Themistocles  is  a  glass  maker,  Cicero  a  &e 
kindler,  Ulysses  mows  hay,  etc.,  etc.  The  story  of  the  warning 
and  fall  of  ceiling  upon  the  bed  is  better  told  in  "The  Error"  by 
G.  P.  R.  James.  "Esoteric  Buddhism"  seems  to  be  made  up 
from  the  maunderings  of  the  Apocalypse  and  maudlin  gush  of 
some  weak  minded  evangelist. 

The  Foreign  Missionary  society,  that  great  maelstrom  of  cupidity, 
gullibility,  and  credulity,  claims  to  seek  for  heathen  where  the 
theosophist  seeks  for  wonders,  but  there  is  a  large  field  for  the  best 
efforts  of  both  at  home. 

The  "  Rochester  Knockings  "  offered  nothing  new,  but  the  time 
was  ripe  for  a  demonstrable  belief.  Those  kQockings  presented 
evidence  to  the  masses  that  the  opening  of  the  gate  depended  upon 
the  merit  of  the  applicant  and  not  upon  the  favor  of  the  priest. 
Back  to  the  dark  may  readily  be  traced  the  gushing  forth  of  the 
spiritual  application  for  recognition,  too  often  met  by  the  priestly 
devils  with  nre  and  sword. 

The  Cock  Lane  Ghost  of  1760  answered  questions  by  raps  as  is 
now  done.  Joseph  Glanvil's  Demon  of  Ted  worth,  1661,  is  of  the 
same  kind.  Peter  Piquet,  case  Civil  Court  of  Tours  ;  the  Holy 
Maid  of  Kent,  beheaded  by  the  butcher  king,  1534  ;  Joan  of  Arc, 
burned  at  the  stake,  1431 ;  then  the  thousands  upon  thousands 
murdered  as  witches, — but  enough.  As  we  trace  the  gory  trail 
from  the  Egyptian  priest  down  through  Torquemada,  Loyola, 
Luther,  Calvin,  Cotton  Mather,  Jonathan  Edwards,  the  Anaover 
school  of  theology,  and  efforts  to  force  the  closing  of  the  Colum- 
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bia  1  Exhibition  Sunday,  we  find  fire  and  blood  lavishly  shed  when 
possible,  then  threats  of  hell  fire  in  more  enlightened  times  to 
keep  the  masses  in  subjection  to  this  hierarchic  control  for  selfish 
interest.  The  question,  "  Do  devils  die  ?  "  is  one  of  terrible  inter- 
est to  mankind,  for  it  is  only  a  question  of  power  if  such  continue 
to  exist,  whether  the  Smitnfield  fires  and  horrors  of  the  Inquisi- 
tion shall  not  again  be  revived. 

A  half  century  since  belief  in  Spiritualism  was  general  in  an 
undefined  way ;  all  writers  treated  it  as  such.  G.  P.  R.  Jameses 
works  abound  in  it,  Scott,  Marryat,  Bulwer,  Ainsworth,  Bumey, 
Jane  Porter,  Charlotte  Bronte,  all  in  fact  accepted  the  belief. 
*^  Midnight  Musings,  ^^  by  Washington  Irving,  is  taken  from  the 
**  American  First  Class  Header,'^  published  in  1831,  and  popular  in 
our  schools  for  a  half  century. 

"  Ye  spirits  of  Washington,  Warren,  Montgomery, 
Look  down  from  above  with  bright  aspect  serene  ; 
Come,  soldiers,  a  tear  and  a  toast  to  theur  memory. 
Rejoicing  they'll  see  us  as  they  once  have  been.'^ 

If  that  is  not  Spiritualism,  what  is  it  ?  Yet  it  commenced  one 
of  our  most  popular  songs  early  in  the  century.  Have  our  people 
become  better  for  rejecting  such  belief  now  ?  A  belief  in  spirit 
communion  is  the  oldest,most  encouraging,sensible,  and  progressive 
of  any,  but  to  be  properly  appreciated  superstition  and  materialistic 
conventional  ideas  thereof  must  be  abandoned.  How  shall  Istud^ 
the  matter  intelligently  ?  was  my  inquiry  when  sitting  for  mam- 
festations  one  Sunday  morning. 

"  Study  your  own  mind,  you  may  find  a  gem,"  was  the  instant 
reply.  **  Who  are  you  ?"  was  asked.  "Ballou,"  was  answered. 
The  evening  after  seemingly  from  another  source  came  tie  follow- 
ing :— 

If  the  truth  you  wish  to  find,  you  must  study  your  own  mind, 
Learn  its  workings,  its  relation  with  the  great  unknown  creation  ; 
A  ^m  we  promise  you  shall  find,  in  a  knowledge  of  the  human  mmd. 
Spiric  friends  around  you  gather,  wishing  much  to  help  their  brother, 
Seeking  earnestly  to  find  this  gem  of  truth  in  the  human  mind. 

False  communications  were  constantly  coming  when  outsiders 
sat  with  us,  which  caused  me  to  impatiently  inquire  the  cause. 
This  reply  followed : — 

False,  with  the  true,  you'll  one  day  find, 
Is  but  the  crossing  of  your  mhid 
With  our  dispatches  as  they  are  sent 
From  our  Summer  Land  to  your  Continent. 

One  day  while  waiting  for  an  assistant  to  return,  Charla  com- 
menced to  converse  about  unreliable  communications  that  came 
the  night  previous,  then  remarked,  "  There  is  so  much  that  is 
totally  unreliable  that  I  don't  believe  there  is  any  spirit  life  at  all," 
which  caused  me  to  commence  a  remonstrance  which  was  cut 
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short  by  ^^Hosh!  hush!^^  from  her,  ^^I  hear.**    Then  after  a 
fihort  pause  she  repeated  the  following : — 

Your  lives  are  tangled  in  with  ours; 

We  are  not  far  away, 
We  join  men  and  women  in  their  work, 

And  children  in  their  play. 

Soon  after,  this  followed : — 

If  you  will  but  be  faithful, 

We  will  sometime  prove  to  you. 
That  spirit  friends  surround  you. 

Who  can  and  wi'l  be  true. 

Harmony  is  nea".  en's  own  law ; 

And  to  get  the  truth  you  ask, 
Conditions  must  be  perfect, 

And  your  sittings  not  a  task. 

We  want  you  all  to  be  of  good  cheer, 
And  help  each  other  while  you  are  here ; 
For  in  the  life  to  come  your  riches  consist 
Of  the  good  you  do  to  others  in  this. 

My  housekeeper,  made  up  after  the  Mrs.  Jellyby  pattern,  was 
inclined  to  be  away  much  of  the  week,  then  pick  up  Sunday.  I 
had  remonstrated  until  tired,  then  let  the  matter  pass  with  inmffer- 
ence.  We  made  a  practice  of  having  a  sitting  Simday  morning. 
A  racket  in  the  laundry  could  be  heard  in  the  library,  and  one 
Sunday  morning  while  reading  I  noticed  that  washing  was  being 
done.  It  continued  for  a  short  time  then  Charla  and  her  sister 
came  in  to  sit  at  the  table,  which  was  done  for  perhaps  five  min- 
utes, then  the  table  started  for  the  door,  then  through  the  h^  and 
kitchen  to  the  back  door,  out  through  that  down  to  the  basement 
door ;  through  that  to  the  set  tubs,  there  it  immediately  swung 
upon  the  sister^  s  head  and  pulled  that  down  and  bumped  it  upon 
the  edge  of  the  tub,  started  again  up  the  cellar  stairs,  through  the 
hall  and  into  the  library,  there  floated  up  so  that  the  top  of  the 
table  hung  upon  the  projecting  cornice  of  the  book  shelves,  hung 
there  perhaps  a  minute,  floated  off  and  down  in  between  the  chairs, 
where  we  commenced,  called  for  the  alphabet  and  spelled  out  the 
following : — 

Give  the  seventh  day  to  rest. 
To  thought,  culture,  and  to  us. 

The  following  Sunday  the  table  started  back  over  the  same 
course  previously  named,  but  instead  of  entering  the  basement  it 
continued  on  down  towards  a  small  water  power.  When  partly 
down  the  hill  the  women  looked  up  to  the  windows  of  a  neither 
where  several  persons  stood  looking  at  our  table  performance. 
My  assistants  fled  for  the  house,  leaving  me  alone  with  the  table, 
which  closed  the  performance ;  but  the  next  day^s  mail  brought 
me  notice  that  an  Iowa  court  had  appointed  me  chairman  of  a 
commission  to  settle  a  case  reported  in  the  first  part  of  this  book. 
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(See  page  95. )    Of  conrse  it  is  a  matter  of  conjecture  as  to  whether 
there  was  any  connection  between  the    table  journey  and  the 
appointment.    I  think  there  was. 
Li  answer  to  a  pertinent  question  the  following  was  the  reply  : — 

Sleep  is  a  rest  for  the  weary  mind, 

Wnich,  as  it  wandeis  free, 
Oft  catches  inspiration, 

And  brings  it  back  to  thee. 

Ofttimeswhen  the  mind  doth  wander, 

While  the  body  is  at  rest, 
Strange  elements  of  earth 

This  freed  mind  doth  impress. 

Many  times  when  the  mind  doth  wander. 

Ideas  which  to  earth  are  grand 
Are,  in  his  sleeping  hours, 

Stamped  on  the  mind  of  man. 

Then,  when  he  doth  awake. 

And  reason  and  thought  controli 
These  ideas  are  developed 

And  given  to  the  world. 

Almost  identically  the  same  ideas  were  published  in  one  of  the 
Boston  papers  the  same  week,  credited  as  coming  from  the  Con- 
cord school  of  philosophy  in  explanation  of  **  The  Whichness  of 
Which  ^^  as  editorially  explained.  It  was  common  to  receive  a 
communication  purporting  to  come  from  Ballon,  then,  as  acci- 
dentally would  happen,  to  take  up  a  Banner  of  Light  and  find  the 
same  subject  treated  in  a  lecture  by  Mrs.  Richmond  in  the  same 
way.  With  Charla  alone,  if  she  felt  interested,  answers  to  ques- 
tions would  be  given  that  to  me  seem  to  the  point ;  but  too  often 
she  was  indifferent  and  the  communications  were  the  same.  There 
was  a  persistent  assertion  that  if  I  would  persevere  there  was  a 
btuid  of  spirits  around  me  that  in  time  would  find  a  medium 
through  whom  reliable  communications  would  be  sent  me.  A 
niece  came  to  visit  us,  a  believer  in  the  Advent  doctrine,  and 
that  the  spiritual  manifestations  were  from  the  devil.  Out  of 
mere  curiosity  and  bravado,  perhaps,  she  consented  to  try  the  table 
with  me  and  in  five  minutes  was  entranced  and  the  series  of  com- 
munications that  follow  commenced. 

This  niece  was  subject  to  catalepsy  and  rarely  was  with  us  more  than  two 
or  thi«e  days  at  a  time.  A  heavy  table  would  start  from  the  side  of  the  room 
and  go  to  her;  or  standing  between  her  and  myself  that  table  would  turn 
somersaults  between  us.  In  her  cataleptic  conditions  in  the  light,  her  boots 
would  be  taken  off  and  thrown  across  the  room;  in  that  condition  two 
persons  could  not  raise  her  from  the  lounge.  Sitting  in  darkness,  her  hands 
firmly  clasped  by  others,  her  boots  and  stockings  would  be  taken  off  and 
concealed  in  some  out  of  the  way  place.  Often  she  would  come  screaming 
from  her  room  saying  that  some  form  had  appeared  t6  her,  her  description 
of  which  rendered  recognition  easy,  in  short,  she  seemed  capable  of  pro- 
dacing  every  phase  of  manifestations  known ;  raps  with  her  meant  such  as 
could  oe  heard  all  over  the  house,  she  personated  the  spirits  of  those  who 
had  died  in  asylums,  and  described  their  cruel  treatment,  etc.,  etc. 

/  would  like  to  study  the  materializations  more,  but  want  no  msdium  that 
requires  tying  or  test  oonditimis. 


470 


Oct.  26, 1878. 
tint  reliable  telegtftA:    May  I  come  in?  Certainly,  and  welcome. 
My  name  is  Julius  N.  Ives.    I  died  September  15.    I  was  seventy- 
six  years  of  age,  or  should  be  now.     I  liyed  in  Cromwell,  Ct    A 
letter  to  the  postmaster  brought  the  following  reply  : — 

Cbomwell,  Oct.  29, 1878. 
Mb.  Emebson.    Dear  Sir  .-—Yours  of  the  26th  of  October  is  before  me. 
Would  say  tbat  Julius  N.  Ives  came  from  Middletown,  18th  of  January, 
1878,  and  made  it  his  home  in  Cromwell  with  his  brother,  till  he  died,  Septem- 
ber 12, 1878,  aged  seventy-five. 

A  few  questions :  Was  your  niece  a  medium?  Was  she  ever  acquainted 
with  Mr.  Ives?  Did  she  or  any  one  see  his  death  in  a  paper,  etc.?  I  ask 
these  questions  because  some  have  said  that  it  might  be  the  case. 

Bespectfully  yours,  John  Btevbhs,  P.M. 

Telegrams  from W-e-1-1  where?  Dec.  9,  1878.     While  sitting 

at  the  table  one  evening,  there  was  a  call  for  the  alphabet,  and  as 
it  was  called,  a  message  as  follows  was  immediately  spelled  out : — 

There  is  an  old  man  here  trying  to  get  control  of  the  medium. 
■  All  right,  was  our  reply,  go  on. 

Do  you  allow  strangers  to  come  in  here?  was  asked.  Certainly, 
you  are  very  welcome! 

Well,  I  didn^t  know  as  you  would,  but  I  was  looking  round  and 
would  kinder  like  to  look  in.  I  am  from  ^aco,  Maine.  I  was  a 
blacksmith  there  many  years.  How  old?  Why,  about  seventy, 
but  cannot  tell  exactly,  for  I  have  hardly  recovered  consciousness. 
There  was  a  blank  for  a  while,  but  I  died  about  four  months  ago  or 
early  in  the  fall.     My  name  was  John  Gains. 

Can  I  give  the  name  of  some  one  there  to  write  to?  well,  I  guess 
I  can,  w-e-1-1,  let  me  see  ;  why,  write  to  S.  S.  Mitchell,  Drumst, 
Main  Street.  He  and  I  were  old  friends.  Tell  him  that  I  wouldiike 
to  take  one  of  them  sly  drinks  from  the  barrel.  Ah,  it  wasn't  every 
one  that  could  get  a  drink  there,  but  I  could,  notwiUistanding  the 
Maine  law. 

Had  you  no  family?  was  asked. 

W-e-1-1  my  family — was  kinder  scattered.  Oh,  yes  I  I  had  a  son, 
named  Albert,  he  is  in  Washington,  yes,  and  I  had  a  darter,  her 
name  is — Sarah — Sarah,  oh,  Sarah  Elizabeth,  she  is  married,  no, 
she  is  a  widder,  her  name  is — well  I  can't  think  of  that  chap's 
name.  Oh,  if  you  write,  ask  Mitchell  about  Horace  Watterhouse. 
Poor  fellow  !  he  worked  for  me  thirty  or  forty  years  and  at  times 
would  go  upon  a  spree  and  I  used  to  take  care  of  him,  but  now,  poor 
fellow,  I  don't  know  how  he  gets  along.  I  am  looking  round  and 
will  come  again  soon. 

He  came  the  next  night  and  was  told  that  a  letter  had  been  sent 
to  inquire  about  those  **  sly  drinks." 

There  now,  did  you  write  about  them?  Certainly  I  did!  W-a-1-1 
there  now,  I  hadn't  orter  said  so,  but  I  idlers  was  saying  such 
things  I  Had  Mr.  Gains  visited  us  in  the  body  he  could  have  appeared 
no  more  real ;  he  remained  with  us  some  time,  gave  many  particu- 
lars that  made  him  very  welcome  as  a  visitor.  The  communication 
was  immediately  sent  to  Mr.  Mitchell,  who  seems  to  have  employed 
a  lawyer  to  look  the  matter  up  as  may  be  seen. 
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Sago,  Me.,  Dec.  12. 1978. 

Mb.  PoencASTEB :— Will  yon  please  be  so  kind  as  to  inform  me  if  there 
is  a  man  now  residing  in  Willimansett  by  the  name  of  James  Emerson?  If 
so,  about  how  old  is  he?  What  is  his  occupation?  Is  he  a  man  of  good 
standing  in  the  community?  To  what  religious  denomination  does  he 
belong,  if  any?  How  long  has  he  resided  in  your  place  and  where  did  he 
come  from  when  he  came  to  your  place? 

niese  questions  and  information  are  not  asked  for  the  purpose  of  injuring, 
in  amr  way,  Mr.  Emerson  or  any  other  person,  but  from  the  oest  of  motives, 
and  I  can  satisfy  you  of  my  reliability  if  necessary. 

Please  give  the  information  and  greatly  oblige, 

Very  respectfully,  your  most  obedient  servant, 

F.  W.  GUPTILIi, 

Counselor  and  Attorney  at  Law,  99  Main  Street. 
A  reply  by  return  mail  is  desirable. 

Mr.  Guptill  was  furnished  with  the  required  information,  then 
Mr.  Mitchell  made  his  reply,  but  it  will  be  seen  that  he  does  not 
plead  to  the  sly  drinks.  As  I  refused  to  suppress  the  communication 
Mrs.  Emmons  was  called  in  as  shown. 

Saco,  Dec.  16,  1878. 
Mb.  James  Emebson.    Dear  Sir:— In  reply  to  your  letters  of  inquiry 
about  the  late  Mr.  Gains  I  have  to  say  :— 

1.  John  Gains,  a  well  known  citizen  of  this  place,  a  blacksmith,  and  a 
man  of  considerable  property,  died  here  last  September. 

He  left  several  children,  all  of  whom  lived  with  him  except  his  only  son, 
Albert,  who  has  resided  in  Washington  many  years.  Of  his  daughtera,  one 
is  a  widow  and  her  name  is  Sarah  Elizabeth. 

2.  A  man  by  the  name  of  Horace  Watterhouse  worked  for  Mr.  Gains 
many  years  and  was  always  carefully  looked  after  by  him  when  the  poor 
fellow  (as  the  communication  calls  him)  had  yielded  too  much  to  his  passion 
for  drink— he  still  continues  the  blacksmith  business  under  the  direction  of 
the  administratrix. 

Mr.  Gains  was  one  of  the  best  friends  I  had  in  Saco  and  I  don't  wish  to 
have  the  communication  published,  neither  do  I  think  his  family  would ; 
stUl  I  should  like  to  hear  further  from  you  in  regard  to  this  matter,  although 
not  a "  believer.*'  Yours  truly,  S.  S.  Mitchell. 

Saco,  Dec.  23, 1878.. 

Mr.  Emerson  :— I  have  read  your  letters  to  Mr.  S.  S.  Mitchell  with  a  good 
deal  of  interest. 

I  think  the  communications  that  you  have  received  are  certainly  remark- 
able, although  very  unsatisfactory. 

Among  my  most  valued  friends  are  some  of  your  belief,  so  that  I  have 
seen  tomething  and  heard  a  great  deal  of  spiritual  manifestations  without, 
however,  having  my  views  at  all  affected  by  it. 

When  our  friends  depart  this  life,  I  hope  and  believe  it  is  for  a  better 
and  happier  existence— hence  their  burden  of  earthly  care  and  trouble  must 
be  lef  t  Dehind.  And  because  the  infirmity  of  "  poor  Horace  "  was  a  trouble 
to  my  father  during  his  lifetime  seems  to  me  to  be  the  very  reason  why  he 
should  be  relieved  from  it  now.  And  if  he  is  able  to  communicate  with  his 
friends  here,  there  are  matters  (mysterious  to  them,  but  clear  as  the  noon- 
day to  him)  that  would  claim  his  attention.  And  I  do  not  understand  why 
one  member  of  his  family  should  be  remembered  while  another  is  forgotten. 

I  shall  be  interested  in  any  further  developments  that  may  occur,  and 
trust  that  you  will  sacrifice  your  desire  to  publish  this  matter  at  least  for 
the  present,  to  the  wishes  of  the  friends  and  family  of  the  late  John  Gains. 

Most  respectfully  yours,  Mrs.  S.  E.  Emmons, 

Box  117.  Saco,  Me. 

October  16, 1878. 
The  next  was :  My  name  is  Charlotte  Wooster.    I  lived  in  Litch- 
field, Conn.,  and  died  September  12.    I  was  twenty — ^no,  I  cannot 
remember  my  age.     Tell  my  friends  not  to  mourn  for  me.       I  am 
happy,  and  do  not  wish  to  come  back. 
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Not.  6, 18TO. 
Jakes  Emiebson.    Dear  SSr:— Charlotte  WooBter,  a  daughter  of  Joseph 
Wooeter  of  this  village,  died  here  on  the  7th  day  of  September  last  past, 
in  her  thirty-third  year. 

Very  truly,  L.  W.  WAPBUiS,  P.  M . 

The  next  came  as  follows :  Anna  S.  Cookson,  Coopers  Mills, 
Maine.  I  died — ^no,  I  cannot  remember  when,  but  recently.  Tell 
my  friends  not  to  grieve  for  me. 

CooPEBS  MUiiiS,  Maine,  Nov.  1, 1878. 
James  Emebson,  Esq.  Dear  Sir:— Jn  reply  to  your  letter,  would  state 
that  Anna  8.  Cookson  died  the  20th  of  October.  Was  twenty  years  and  six 
months  old.  She  was  sick  but  five  or  six  days.  Cause  of  her  sickness 
and  death,  to  the  public  unknown .  Should  be  happy  to  hear  from  you  again 
on  the  matter,  and  would  like  to  know  if  the  spirit  told  the  cause  of  her 
death.  Yours  truly,  Gboboe  W.  Gbeene, 

Assistant  Postmaster,  Coopers  Mills,  Me. 

She  died  Tuesday,  the  communication  came  the  following  Friday 
evening,  or  there  was  an  Interval  of  three  days  between  death  and 
communication. 

We  were  again  informed  that  a  stranger  desired  to  get  control  of 
the  medium.  On  doing  so  the  name  of  Hazen  Kimball  of  Hopkin- 
ton,  N.  H.,  was  given,  and  his  age  as  seventy-six. 

Reply  :— 

HOPKINTON,  N.  H.,  Nov.  13, 1878. 
Dear  5ir  .-•Hazen  Kimball  died  Marcb  28, 1877,  aged  seventy-six  years  and 
seven  months.  Lost  a  relative  in  Chelsea,  Mass.,  myself.  Should  lie  pleased 
to  hear  from  the  party. 

With  respect,  David  L.  Gage,  P.  M. 

The  next  was :    My  name  was  Stephen  Sibley,  of  Chelsea,  Mass. 
I  died  the  9th  of  June.    I  was  sixty-four  years  of  age. 
Reply : — 

No  date. 
James  Emebson.    iSir;— Stephen  Sibley,  a  resident  of  this  city  for  more 
than  forty  years  past,  and  one  of  its  principal  business  men,  died  on  the 
9th  day  of  June  last,  aged  sixty-four  years,  three  months,  and  sixteen  days. 

Samuel  Bassett,  City  Clerk. 

Willimansett,  Mass.,  Nov.  18,  1878. 

Dear  Sir : — It  has  happened  recently  that  I  have  had  seven  com- 
munications from  those  purporting  to  be  in  the  spirit  world.  I 
have  written  to  each  place  where  these  spirits  claim  to  have  lived 
while  in  this  life.  Six  of  the  seven  have  been  answered  and  con- 
firmed in  every  essential  particular,  the  only  difference  being  a  day 
or  two  in  date  of  death.    The  last  communication  was  as  follows : — 

My  name  is  Cyrus  Alden,  of  Leeds,  Maine,  ninety-three  years  old, 
a  soldier  of  1812. 

Will  you  inform  me  whether  such  a  person  has  resided  there 
within  your  knowledge,  and  oblige, 

Yours  truly,  Jambs  Ekbbsok. 

Sir  .'—There  was  such  a  man  as  Cyrus  Alden,  died  March,  1877.  I  think 
some  one  is  fooling  you  by  getting  these  dates,  and  pretending  that  they 
oame  from  spirits. 
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This  answer  was  from  the  one  to  whom  my  letter  was  addressed, 
the  postmaster  of  the  place  named;  one  of  the  profound  kind 
that  knows  it  all.  J.  £. 

Nov.  3, 1878. 

Another :  I  wish  to  control  Alice.  I  died  in  Paterson,  N.  J. 
Well,  I  can't  remember  the  date,  but  in  the  early  part  of  the  sum- 
mer.   I  was  seventy-five  years  of  age. 

Write  to  the  Grant  Locomotive  Company,  Paterson,  N.  J.,  for 
information.  Willard  W.  Fairbanks. 

Paterson,  N.  J  ,  Nov.  6, 1878, 
James  Emrrson,  Esq.,  Willimansett,  Mass. 

Dear  Sir  .-—Willard  W.  Fairbanks  was  formerly  superintendent  of  these 
works ;  he  died  last  Mayor  June,  aged  seventy-five  years.  I  have  sent  your 
letter  to  his  family.  Very  respectfully, 

D.  B.  Grant, 
General  Manager. 

WiLLiHANSETT,  Mass.,  May  22, 1882. 
Mr.  Postmaster,  Franklin  Falls,  New  Hampshire. 

Dear  Bir : — On  Saturday  evening  last,  while  sitting  in  conversar 
tion  with  a  niece,  she  suddenly  became  seemingly  unconscious; 
then,  shortly,  in  a  very  feeble  voice,  exclaimed :  "  My  name  was 
Benson  (Samuel  Benson),  of  Franklin  Falls,  New  Hampshire.  I 
was  eighty  years  of  age.  I  died  four  or  five  months  ago,  or  in  Jan- 
uary last,  of  heart  disease."  Now,  neither  my  niece  or  myself  had 
ever  heard  of  Franklin  Falls,  though  some  thirty-five  years  ago  I 
resided  a  short  time  in  Warner,  also  in  Concord,  and  knew  of 
Franklin  through  what  were  at  that  time  termed  the  Akin  boys,  or 
the  Akins,  who  were  considered  inventors  of  various  devices,  an 
awl  haft  for  one.  I  would  be  obliged  to  you  if  you  will  be  so  kind 
as  to  inform  me  if  there  was  such  a  person  as  Mr.  Benson  who 
died  there  in  accordance  with  what  I  have  written. 

Yours  truly, 

James  Emerson. 

Franklin  Falls,  May  23, 1882. 
Samuel  Benson  died  about  the  time  mentioned.    Was  about  eighty  years 
old.  Yours  truly, 

Franklin  Falls,  N.'k. 

Another  answer : 

FRANKLrN,  N.  H.,  July  10, 1882. 

James  Emerson,  Esq.  Becur  Sir:^l  think  you  left  a  few  words  out  of 
your  first  question.    I  understand  its  import  to  be  this  :— 

Ist.    Was  there  such  a  resident  of  Franklin  Falls  as  Samuel  Benson  ? 

Answer :    There  was. 

2d.    When  did  he  die? 

Answer :    January  21, 1882. 

3d.    What  was  his  age  at  the  date  of  death? 

Answer:  His  physician  gave  me  his  age  as  eighty-two  years,  seven 
months,  and  four  days.  But  the  Merrimack  Journal^  published  here  Janu- 
ary 27, 1882,  third  page,  second  column,  says  he  was  nearly  eighty.  His 
daughter  is  away  on  a  journey.  As  soon  as  I  learn  her  address,  I  will  try  to 
remove  the  doubt. 

4th.    Was  there  any  supposed  cause  of  his  death? 

Answer :  His  physician  says  it  was  a  disease  of  the  heart  called  anptfta 
peetorit.  Very  respectfully, 

J.  L.  Thompson. 
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^  or  years  past  my  investigatiotis  have  mostly  been  at  my  home ; 
the  same  care  has  been  observed  as  in  mechaiiical,  hydninlic,  dy- 
namic, and  caloric  trials.  Witnessing  the  develofsng  of  cause  and 
effect  has  amply  repaid  the  time  expended. 

During  the  past  two  years  my  boy,  now  nearly  thirteen  years  of 
age,  and  myself  have  formed  our  circle,  at  times  others  have  joined, 
but  such  usually  come  with  preconceived  ideas,  generally  destitute 
of  desire  or  ability  to  judge  of  force,  time,  or  space  necessary  for 
effect,  consequently  it  is  time  lost. 

One,  a  doctress,  came,  prodded  the  boy  with  a  pin,  then  began  to 
orate  about  ''*  reflex  action  **;  she  possibly  had  some  idea  of  what 
she  meant,  I  had  not.  The  most  of  my  investigations  with  my  boy 
are  in  the  dark,  not  all.    An  ordinary  dressing  table  is  used. 

Often  while  sitting  with  this  table  between  us  the  boy  is  thrown 
upon  the  bed,  the  round  in  the  feet  of  the  table  placed  across  my 
knees,  the  top  of  the  table  resting  against  my  forehead,  the  boy^s 
chair  is  placed  on  top  of  the  table,  where  there  is  barely  room  for 
the  chair  to  stand,  the  boy  is  then  placed  standing  in  the  chair, 
where  he  begins  to  declaim. 

Then  the  voice  of  a  child  takes  the  place  of  his.  This  voice  pro- 
nounces the  longest  words  just  as  well  when  the  boy  is  gagged  as 
when  his  mouth  is  free.  Untying  feats  have  been  performed  by 
the  boy,  but  it  has  seemed  too  brutal  for  me  to  care  to  experiment 
in  that  way. 

He  has  shown  feats  of  strength  of  the  LtUu  Hurst  order  that 
would  be  impossible  in  his  normal  condition. 

The  mesmeric  influence  is  from  the  spirit  side,  at  least  not  from 
me.  A  simple  word,  Minnie,  would  cause  him  to  drop  while  cross- 
ing the  room. 

During  the  French  trial  some  two  years  since,  reported  in  our 
leading  papers,  I  invited  Judge  Bond  to  witness  the  influence  that 
might  be  brought  to  bear  against  another.  JEIe  declined  to  do  so, 
and  often  since  the  query  has  arisen  in  my  mind  as  to  whether  the 
bench  has  a  tendency  to  expand  the  mind.  The  practice  of  the 
law  cannot  be  productive  of  the  best  thoughts.  I  have  at  times 
witnessed  materializations  but  should  prefer  to  study  such  at  my 
home.  I  have  seen  some  I  believed  real,  others  that  I  did  not.  At 
times  the  medium's  person  or  hands  are  used  direct,  but  where  the 
conditions  are  right  the  forms  or  hands  are  drawn  from  the  medium 
or  those  present.  Where  voices  are  heard  the  organs  of  those 
present  are  used  to  produce  them.  The  spirit  of  some  one  may  be 
present  but  the  organs  of  the  physical  being  must  be  used  to  make 
that  spirit's  presence  perceptible. 


MIND  BEADING 

is  now  so  generally  accepted  that  I  do  not  care  to  go  into  particulars 
in  proof,  though  it  would  be  easy  to  furnish  positive  evidence  of 
the  fact,  and  that  it  begins  with  the  very  young  even  before  the 
child  can  talk. 
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PBOPHSSnNO  FUTUBE  ETElfTS. 

Of  the  possibility  of  foreseeing  events  abundance  of  evidence  has 
been  furnished  me,  but  two  cases  will  only  be  given  here. 
Sitting  with  Charla  and  her  sister,  our  attention  was  called,  then: — 

Five  years  from  this  day,  one  of  you  three 
Folded  in  the  bosom  of  mother  earth  will  be. 

April  21, 1878. 

The  communication  caused  us  often  to  think  of  it.  Three  years 
or  so  passed  by,  then  a  communication  from  some  medium  came  to 
us  saying  that  we  three  were  not  meant,  but  the  three  of  the  fsunily, 
Charla,  her  brother,  and  sister;  the  remaining  members  of  their 
family.  Some  months  afterwards  news  came  of  the  sudden  death  • 
of  the  brother  in  the  far  west. 

ANOTHER  CASE  MORE  DECISIYE. 

At  my  home  three  of  us  were  sitting  at  the  table  talking  of  the 
death  of  a  little  child  of  one  of  the  sitters;  the  other  sitter  was 
entranced  and  said,  "  Another  little  child  will  soon  come  over  here." 
I  said,  ^'  I  hope  not  from  the  one  who  has  just  lost  the  one  spoken 
of."  "  There  is  a  star  over  her  head,  which  signifies  peace.  It  is 
not  hers,"  was  the  reply.  Then  she  exclaimed,  *' Within  four 
months  from  this  day  and  within  sixty  rods  from  this  house  an- 
other little  child  will  come  here." 

The  time  passed  on;  about  two  months  after  a  little  child  sick- 
ened and  died,  then  it  was  said  that  the  prophecy  had  been  fulfilled, 
but  to  me  it  seemed  not,  for  she  had  no  connection  with  the 
sitters. 

The  fourth  month  had  well  advanced  when  the  youngest  child  of 
the  prophetess  sickened  and  died  but  a  few  days  previous  to  the 
expiration  of  the  time.  These  statements  may  be  depended  upon 
to  the  letter. 

A  COIirCIDENCE  ? 

'*Not  a  sparrow  shall  fall  without  the  Father's  notice." 

Every  effect  has  a  cause,  even  a  coincidence. 

During  an  investigation  of  materialization  in  my  library  a  chair . 
was  suddenly  jerked  from  me,  at  the  same  instant  a  streak  of 
moonlight  pierced  through  the  blinds  upon  the  medium,  her  arms 
were  folded  and  the  face  of  the  dead  could  not  have  appeared  more 
serene  than  was  hers. 

By  opening  the  doors  of  a  cabinet  quickly  after  arms  have 
appeared  from  the  aperture,  a  sort  of  halo  of  those  arms  may 
be  traced  back  to  the  shoulders  of  the  mediums  though  the  real 
arms  are  firmly  bound  down  behind  their  bodies.  I  have  seen 
arms  that  must  have  been  projected  eight  feet  from  the  bodies  of 
the  mediums. 

It  is  time  the  brutal  tying  and  test  conditions  were  done  away 
with  and  the  investigation  should  be  done  by  kind  but  cautious 
observers.    If  the  ruffianly  can  only  be  convinced  through  brutality 
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let  them  go  unconvinced.  A  ruffian  is  none  the  less  a  ruffian 
because  well  dressed. 

To  investigate  intelligently  one  must  expect  to  meet  spirit  friends 
as  they  left  the  body. 

Seeking  spirits  is  done  too  much  upon  the  plan  of  searching  the 
scriptures. 

The  Christian  that  exacts  twelve  per  cent,  interest  does  not  look 
for  tJie  passage  that  condemns  usury  but  that  which  says,  Render 
unto  Caesar  the  things  that  are  Caesar's,  the  other  fellow  to  render, 
he  to  receive.     One  is  likely  to  find  what  he  seeks. 

A  sponge  surrounded  by  fluid  takes  in  sediment  according  to  the 
fineness  of  its  fiber.  To  make  my  meaning  clear,  take,  say,  the 
authoress  of  the  Little  Pilgrim.  Communications  through  her 
should  be  sweet,  charitable,  but  impracticable  except  in  BeUamy's 
Utopia  a  thousand  years  hence.  The  authoress  of  Beyond  the  Gates 
should  produce  communications  very  proper,  slightly  progressive, 
not  too  much  so,  for  her  patrons  have  weak  digestive  powers,  an 
overdose  would  cause  the  grip,  which  would  have  a  disastrous  effect 
upon  the  dollar  product. 

The  authoress  of  Is  this  Your  Son,  My  Lord?  should  produce 
bright,  brainy,  intelligent,  progressive,  practical^  womanly  ideas, 
clear  in  style  as  the  tone  of  a  silver  bell.  Would  there  were  more 
like  her.    Mentally  I  shake  hands  with  her  and  say.  Go  on. 

Unless  under  favorable  conditions  the  investigator  is  as  likely 
to  obtain  reflections  of  his  own  mind  as  information  from  the  spirit 
world.  The  physical  man  is  but  an  engine  operated  by  spirit 
power  and  becomes  dead  as  that  power  is  withdrawn,  as  does  the 
steam  or  electric  engine,  but,  unlike  those,  once  withdrawn  it  can- 
not again  enter. 

Surrounded  by  intelligence  the  ordinary  brain  receives  and 
guides  it  in  ordinary  channels.    The  seeker  finds  more. 

The  question  is  daily  asked.  Do  you  think  spirits  would  come 
back  and  tip  tables  ?  Certainly,  if  that  is  the  way  they  can  best 
make  their  presence  known.  They  do  worse  things  than  tip  tables 
while  in  the  body,  why  not  after  leaving  that  ?  The  murderer 
evoluting  at  once  to  a  reserved  seat  along  side  the  Father  is  not 
an  encouraging  idea;  the  real  effect  of  ending  the  career  of  a  mur- 
derer on  the  gallows  is  more  likely  to  be  like  that  of  having  a 
sewer  empty  its  contents  into  a  thickly  settled  neighborhood. 

Spirits  returning  show  all  of  the  passions  common  in  this  life. 
I  have  seen  a  table  dash  at  a  man  with  all  the  fierceness  possible 
in  the  physical  man.  So  much  force  was  used  that  the  two  legs 
caught  by  the  defendant  were  splintered  in  a  moment,  and  the  con- 
test was  continued  until  every  joint  of  the  table  was  separated. 

Where  is  the  heaven  located  that  Christians  talk  so  much  of  and 
seem  so  much  to  dread  starting  for  ? 

More  than  fifty  years  ago  at  a  prayer  meeting,  a  brother  kindly 
informed  me  that  I  was  liable  to  be  sent  to  hell  that  night.  **  And 
just  think,"  he  exclaimed,  ''  if  this  earth  was  made  up  of  fine  sand 
and  a  bird  should  carry  away  a  grain  once  in  a  million  of  years,  in 
time  it  would  all  be  gone,  and  your  punishment  would  be  no  nearer 
ending  than  at  its  commencement ;  while  all  of  that  time  I  hope 
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to  be  singing  the  praises  of  the  Creator,  not  thiongfa  any  merit  of 
luy  own  but. through  the  atoning  blood  of  Christ.'^ 

There  is  no  reason  to  doubt  but  what  the  soul  of  sach  a  saint 
would  be  small,  yes,  very  small ;  but  even  the  soul  of  any  one 
willing  to  be  saved  through  the  sufferings  of  another  may  be  as 
large  as  a  line  grain  of  sand.  As  there  are  thousands  of  such 
souls  freed  from  the  body  daily,  it  can  be  comparatively  but  a 
short  time  before  the  bulk  of  souls  will  exceed  that  of  the  earth, 
and  as  the  other  planets  should  be  in  the  same  condition  what  is  to 
become  of  such  souls  ?  But  first,  where  are  such  souls  to  come 
from?  If  you  constantly  check  out  without  depositing,  your 
checks  will  not  be  cashed.  So  of  souls,  llie  Spiritualist's  hobby 
is  no  different ;  give  us  sense  instead  of  old  fads.  How  common 
it  is  for  those  who  have  advocated  the  belief  in  Spiritualism  to 
cool  and  say  there  is  no  advance,  often  becoming  as  materialistic 
as  a  Christian. 

It  should  not  be  so.  The  phenomena  are  grand  and  instructive  if 
studied  with  consideration.  Materialized  forms  invariably  repre- 
sent this  life  and  I  have  been  imable  to  obtain  a  shadow  of  evidence 
that  there  is  any  progression  in  the  spirit  life ;  reason  does  not 
teach  any  such  thing.  Progression  is  in  this  life,  the  spirit  clings 
to  this  life.  The  body  and  everything  we  know  of  physically  dies, 
disintegrates,  and  comes  again  in  the  same  or  some  other  form. 
So  of  the  spirit,  in  time  like  the  body  it  disintegrates  and  comes 
again.  The  bosh  of  the  Spiritualist  crank  talking  about  ancient 
spirits,  is  bosh  indeed.  By  constant  renewal  the  child  or  man  who 
dies  prematurely  again  has  his  chance,  and  in  this  way  man  will 
evolute  to  a  higher  being.  Bulwer  has  tried  to  describe  a  man  six 
thousand  years  of  age  and  a  poor  stick  he  made  of  him.  Rider 
Haggard  in  weak  imitation  tried  to  delineate  a  woman  of  two 
thousand  years  and  had  her  terminate  in  appearance  as  a  monkey. 
There  is  no  data  for  such.  What  would  Archimedes  have  done 
had  he  tried  to  describe  the  locomotive  of  to-day  ?  The  gods  grind 
slowly  but  fine.  **  I  know  that  my  Redeemer  liveth  and  that  I 
shall  see  God,"  I  believe  to  be  correct,  the  Godhood  in  man 
being  the  redeemer,  and  in  time  man  will  have  so  improved  as  to 
be  capable  of  seeing  the  Creator.  Man,  being  of  God,  yet  pro- 
gresses by  degrees,  and  there  is  no  reason  to  suppose  that  the 
Creator  could  have  made  a  perfect  world  at  the  start. 

The  ideas  of  the  Spiritualist  are  but  the  old  fads  of  Christianity. 

''  Where  two  or  three  are  gathered  together  in  my  name  there 
will  I  be  in  the  midst  of  them,"  is  quite  as  much  to  the  point  with 
the  Spiritualist  as  it  once  was  with  Christians. 

"Organization"  is  the  constant  whine  of  a  certain  grade  of 
Spiritualists. 

Organization  of  an  army  means  concentration  of  brute  force 
under  one  mind,  individuality  spreads  information. 

Wesley  was  familiar  with  spirit  manifestations,  his  preaching 
gushed  with  spiritual  fervor. 

Universalism  was  aggressive,  argumentative,  and  full  of  push. 

Unitarianism  represented  by  Theodore  Parker  was  a  power  that 
moved  the  world. 
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All,  now  organized  and  immensely  resi)ectable  ar-n-d  frozen  to 
death. 

Could  their  houses  be  utilized  as  ice  houses  and  summer  hotels, 
there  would  be  no  burning  through  spontaneous  combustion  nor 
from  the  friction  of  high  insurance. 

It  has  happened  several  times  to  my  knowledge  that  noted  inspira- 
tional speakers  of  the  Spiritualists  have  been  taken  up  by  the  Uni- 
tarians to  be  educated.  The  influence  seems  to  be  death  to  inspi- 
ration, for  such  speaJiers  are  heard  of  no  more. 

Inspiration,  I  believe  to  be  as  much  in  force  to-day  as  at  any 
time  since  man^s  existence;  it  may  be  from  good  or  bad  influence. 

There  is  not  one  article  in  this  book  relative  to  Spiritualism  or 
religion  presented  as  intended  when  commenced. 

Don't  organize,  and  better  still  don't  try. 

Communications  purporting  to  come  from  the  spirit  world  have 
long  been  familiar  to  us,  mostly  of  a  personal  character,  very  inter- 
esting to  us  but  unlikely  to  interest  others.  At  first  such  commu- 
nications were  looked  upon  as  of  too  sacred  a  source  to  be  treated 
a»  an  ordinary  matter,  but  experience  soon  taught  us  that  such 
came  from  minds  like  our  every  day  associates  and  are  to  be 
treated  the  same ;  the  long-faced  saint  is  not  the  prevailing  intelli- 
gence there  any  more  than  here. 

To  the  question,  what  are  dreams,  the  reply  was : — 

**  Dreams  are  little  devils 

That  play  tunes  upon  your  brain, 
When  you  awake  they  escape 
And  at  night  return  again." 

The  following  was  given  to  an  unbelieving  sitter  of  the  puritanic 
faith : — 

"  All  the  time  that  is  not  well  spent  in  this  life  while  you  are  here, 
Is  borrowed  from  the  early  part  of  your  life  in  the  other  sphere. 
Look  up  higher,  look  up  higher, 
Spirit  iriends  will  come  the  nigher. 
Whispering  to  you  all  the  time 
Of  a  life  that  is  sublime. 
Sublime  because  it  is  so  broad, 
That  every  soul  knows  there's  a  God ; 
A  God  who  doeth  all  things  well, 
Who  has  never  made  a  flery  hell." 


INSPIRATION. 

Through  priestly  selfishness  we  have  been  educated  to  think  that 
inspiration  comes  from  an  incomprehensible  source  located  in  an 
impossible  place,  instead  of  being  an  every  day  affair  right  at  home. 

If  nature  abhors  a  vacuum  it  no  less  abhors  the  useless.  A 
heaven  or  hell  of  the  Andover  type  could  benefit  neither  God  nor 
his  chUdren,  while  we  have  ages  of  evidence  to  prove  that  a  belief 
in  such  myths  produces  the  meanest  minds. 
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To  think,  opens  the  channels  for  inspiration..  That  there  is  a  spirit- 
ual body,  one  more  substantial  than  generally  supposed,  I  believe 
susceptible  of  tangible  proof.  The  conventional  cold  blast,  attend- 
ant upon  ghostly  visit,  is  not  a  matter  of  imagination,  but  a  reality. 

The  first  symptom  of  approaching  trance  is  cold  extremities,  at 
least  with  the  neophyte.  Excitement  leads  to  ecstasy,  often  to 
inspiration,  which  may  come  to  the  individual  or  through  a  medium 
sitting  with  others,  when  the  character  of  the  communication  may 
be  dominated  by  the  minds  of  those  sitters,  or  the  communication 
may  come  from  the  minds  of  those  or  from  a  disembodied  mind 
near  by,  or,  like  sinking  a  well  for  water,  a  stream  may  be  struck, 
the  source  of  which  is  far  away.  These  communications,  like  the 
ancient  oracles,  may  have  a  very  different  meaning  from  that  seem- 
ing at  the  time.  For  instance,  a  story  is  told  that  the  duke  of  Buck- 
ingham, being  very  popular,  aspired  to  the  throne  of  Henry  the  VIII. 
An  aspirant  for  favor  conwilted  a  medium  and  was  told  that  the 
head  of  the  duke  would  soon  be  the  highest  in  the  land,  which  was 
taken  to  mean  that  he  would  soon  be  king,  instead  of  which  he  was 
beheaded  and  his  head  stuck  upon  a  pole  above  the  gates  of  the 
city.  Communications  may  be  answers  to  questions  asked  men- 
tally by  the  sitter  previous  to  sitting  in  a  circle.  Such  a  jumble  is 
made  of  the  matter  that  but  little  dependence  can  be  placed  in  com- 
munications, but  the  fault  is  with  us.   * 

As  the  news  of  President  Lincoln's  assassination  spread  over  the 
country,  gloom  and  excitement  prevailed,  business  men  sent  to  theii* 
minister  for  mottoes  to  be  placed  over  their  doors,  ministers 
preached  and  choristers  chanted  of  it.  As  I  was  preparing  to 
attend  a  meeting  that  would  discuss  the  event,  the  following  lines 
came  to  me  which  are  here  given  as  proof  of  a  fact  for  which  I  can 
vouch: — 

A  world's  true  friend  is  dead, 
Oh  God,  and  is  it  thus 
The  sins  of  ourselves  and  sires 
Should  fall  upon  the  just  ? 
Could  not  the  four  past  years 
With  their  hosts  of  bloody  dead 
Satiate  the  slaver's  cruel  heart, 
That  he  strikes  our  nation's  head? 

Could  not  Fort  Pillow's  blood  scenes 
Fill  e'en  a  fiend's  fiercest  dreams, 
That  they  shoot  and  starve  our  men 
In  their  filthy  prison  dens  ? 
That  slavery  may  be  understood, 
Must  we  give  our  great  and  good  ? 
Must  the  nighest  in  the  land 
Fall,  by  the  assassin's  cowardly  hand  ? 

Oh  God,  we  know  thou  art  just. 

Fill  our  mourning  hearts  with  trust, 

Lead  our  newly  appointed  head 

In  the  footsteps  of  the  dead. 

For  ourselves  we  give  our  prayers, 

For  the  slain,  our  neartfelt  tears. 

On  slavery  be  the  stain. 

Let  us  hope  for  freedom's  gain. 


